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CEMENT AND CONCRETE CONTROL 


SAN FRANCISCO-OAKLAND Bay BripGr* 


THOS. E. STANTON, JR. 
MEMBER AMERICAN CONCRETE INSTITUTE 


GENERAL PROBLEMS 


THE BULK of the concrete in the San Francisco-Oakland Bay 
Bridge is exposed to the direct or indirect action of sea water. Some 
500,000 cu. yd. are involved in the piers with bases founded on the 
bottom of the Bay under varying depths of water and mud to a 
maximum of 240 feet below water surface, and, in the case of the 
central anchorage—Pier 4, towering more than 240 feet above the 
water. 

The concrete in the remainder of the project,—more than 200,000 
cu. yd., is either adjacent or close to the shores of the Bay and across 
Yerba Buena Island, all subject at least indirectly to the action of 
sea air or water. 

Great care was taken in the preparation of the specifications for 
this project and in the subsequent fabrication of the concrete, to the 
end that the highest quality product with greatest practicable density 
might be secured with a cement content for the most part of five 
sacks per cu. yd. This care has extended not only to the design and 
fabrication of the concrete mix but likewise to the specifications for 
the cement. 

CEMENT 


While it is true that there are a number of marine structures adjacent 
to the bay and ocean shore in the San Francisco region, which, even 
though constructed of cement relatively high in the compound tri- 
calcium aluminate, have withstood the destructive action of sea 
water for periods of thirty years and more without showing appreci- 
able deterioration; nevertheless, because of the early deterioration of 
concrete in many marine structures, and of the recent studies by 
Lerch and Bogue, and by other well-known investigators of the action 


e 
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Fic. 1—As SAN FRANCISCO BAY WILL LOOK IN 1937 


Upon an aerial photograph of San Francisco Bay, with Oak- 
land in the background, architects for the San Francisco-Oakland 
Bay Bridge have drawn to scale a representation of the world’s 
largest bridge, 814 miles long, (nearly four miles over water) 
which will connect Alameda and San Francisco counties. 

The west half of the bridge is a suspension structure compris- 
ing twin suspension bridges anchored into a huge concrete monu- 
ment in the center. 

A double-deck tunnel pierces Yerba Buena Island, occupied by 
Army, Navy, and Lighthouse services, and the double-deck 
bridge continues over a 1400-ft. cantilever span, 5 through truss 
spans, and 14 deck truss spans before it lands on a fill extending 
out from the Oakland shore. 

At the eastern shore, trestles carry the bridge traffic on to 
three branches—one for Berkeley, one for Oakland, and one for 
the business section of Oakland and Alameda. 

The piers of this bridge—51 in number—set new marks on 
engineering frontiers, going deeper below water than any previous 
substructure has heretofore been built. Some of the piers go as 
far as 237 feet below low tide. 

The two suspension bridges have 2310-foot main spans. 

The lower deck carries two tracks for interurban electric cars 
and three lanes for heavy trucks, and the upper deck carries a 

. 58-foot highway for six lanes of automobiles. 

The bridge is being built for the California Toll Bridge Author- 
ity, of which Governor Frank F. Merriam is Chairman, by the 
State Department of Public Works under Earl Lee Kelly, Direc- 
tor. C. H. Purcell is Chief Engineer. 


Sept.-Oct. 1935 San Francisco-Oakland Bay Bridge 3 


of sulphates on high C;A portland cement, the Department favored a 
cement relatively low in this particular compound. 

However, because there was some uncertainty regarding the ability 
of the local cement companies to furnish this special type of cement 
within the requisite time limit, the first contracts specified standard 
portland cement without limitation. 

Before work was actually under way, it developed that several 
companies were in a position immediately to furnish low C;A cement 
at no increase in price over standard. Therefore, before the first 
concrete was placed the specifications were amended to read as 
follows: 

Description—The cement shall conform to the requirements of the Standard 
Specifications and Tests for Portiand Cement of the American Society for Testing 
Materials, Serial Designation C9-30, with the fo!lowing exceptions and additions: 

(a) The percentage of tricalcium aluminate shall not exceed eight per cent (8%) 
by weight, when computed from the cement analysis by the method of Bogue, as 
published in the Analytical Edition, Industrial and Engineering Chemistry, Vol. 1, 
No. 4, P. 192, Oct. 15, 1929. 

The specifications were further modified to permit the use of an 
approved high silica cement with the requirement that there should 
not be more than 8 per cent C;A in the clinker. 

To meet this specification the relatively high alumina and low iron 
content of the raw materials at three of the plants manufacturing 
cement for the Bay bridge require the addition of iron in the form of 
iron scale or iron ore, as well as the addition of increased amounts of 
silica (depending on the chemical analysis of the raw material). 

The four companies furnishing cement for the bridge have met the 
low C;A requirement, therefore, other than in the case of the first 
few carloads of cement, which averaged a little over 9 per cent all of 
the portland cement clinker used in the manufacture of Bay bridge 
cement has averaged substantially less than 8 per cent tricalcium 
aluminate, running, in some cases, as low as 2 per cent and averaging 
5 per cent. 

The Santa Cruz Portland Cement Co. of California started the 
manufacture of a ‘‘High Silica” hydraulic cement for commercial use 
prior to 1932. 

A small quantity of this cement was used in the construction of 
some concrete box culverts in Mariposa County, California, during 
June and July, 1932. 

In September of the same year, 1000 lin. ft. of 20-ft. width, hydraulic 
concrete pavement was constructed on the Bayshore Highway South 
of San Francisco, using Santa Cruz high silica cement. The usual 
laboratory tests for soundness and strength indicated this cement to 
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Fig. 2—OPERATIONS ON SAN FRANCISCO-OAKLAND BAY BRIDGE 


Aerial view of traveler derrick erecting Span E-9 (lower left) which is the last of 
the 288-foot spans. Also, erection of Span YB-1 on Yerba Buena Island in progress. 
The entire West Bay Crossing, with Tower W-5 under construction may be seen in 
the background. 


be the equal of standard portland cement and there was some reason 
to believe that owing to the pozzolanic nature of the added silica com- 
pound it might be a more durable product in the presence of sea water 
than any of the standard commercial portland cements manufactured 
by California mills. 

In the manufacture of Santa Cruz high silica cement, portland 
cement clinker is made in the usual manner after which a silicious 
compound, made by calcining a mixture of silicious material and lime, 
is ground with the clinker; the silica ranging from 80 to 90 per cent 
of the total compound. 

Two grades of high silica cement have been used in Bay bridge 


concrete; one grade containing 30 per cent, another 15 per cent of 
silica-lime compound. 
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94 lb. of 70-30 H. S. cement measures 1.24 c.f. Sp. Gr. 2.90 

94 lb. of 85-15 H. S. cement measures 1.12 c.f. Sp. Gr. 3.07 

Low C;A cement conforming with A. 8. T. M. standards has been, 
or is being used in the construction of all of the main piers; the tunnel, 
anchorage and approaches on Yerba Buena Island; and the roadway 
decks on the steel superstructures involving more than 500,000 cu. 
yd. of concrete. High silica cement is being used in the construction 
of the San Francisco anchorage and approaches, and also the approaches 
at the Oakland end of the bridge, involving more than 125,000 cu. yd. 

Following is the average composition of the special low C3A and 
high silica cements furnished by the four companies supplying cement 
to this project. 


: Santa Cruz 
Calaveras Pacific Yosemite 
30% Comp. | 15% Comp. 
lain ish H.S. Clinker 

CaO 63.00 64.35 65.80 53.28 Slnil4 64.99 
MgO 2.92 2.09 223 1.91 2.06 2.18 
AlsOs 4.90 S20 4.26 6.62 6.04 5.84 
Fez:O3 S22 4.94 2.08 4.46 4.78 Byatt 
SiOz 21.47 DlesS 2520S 32.01 28.01 21.04 
SOs 1:21 1.49 Tate 1.29 1254 0.11 
Loss 1.58 0.90 0.93 135 1.29 0.85 
Insoluble 0.16 0.13 0.23 15.82 9.99 0.28 


Tests of cylinders up to one year and of pavement cores up to 2 
years, from concrete of the Bayshore Highway containing 6 sacks per 
yard, have shown these low C;:A and high silica cements to be prac- 
tically of the same strength as the regular cements manufactured by 
these companies. Fruthermore, these cements have shown high 
resistance in the Merriman Sulphate Test, whereas the regular cements 
having more than 8 per cent C;:A failed to pass this test. The same 
special cements show decided superiorities to the regular cements in a 
special test series now under way in which concrete specimens have 
been partially immersed in a strongly alkaline soil from the Sacramento 


Valley. 
CONCRETE 


The problem of fabricating a uniform high quality concrete was 
somewhat greater than that encountered on the usual construction 
project, because of variations in the source of aggregate supply and 
methods of batching and placing. 

The problems can be classified under the following general headings: 
(1) Aggregates; (2) Batching; (3) Transportation; (4) Placement. 
Aggregates 

The maximum size of coarse aggregate fixed for this project was 
3 in., even though a larger maximum could have been used to advant- 
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Fig. 3—Pirer w-4 PLACED AT ELEVATION OF 222 FEET 


Pier W-4, concrete center anchorage of the twin suspensions spans (West Bay 
crossing) showing concrete placed to an elevation of 222 ft. above water level and 
forms for lower deck slab girders being placed. The height of the concrete center 
anchorage from water level to top of concrete will be 235.18 ft. 


age in some of the mass concrete. The main reason for this limitation 
was the deficiency of gravel exceeding 3 in. in and around the San 
Francisco Bay region. 

Although there are several aggregate plants operating in ledge rock 
and, therefore, in a position to furnish any maximum size desired, it 
was felt that there was not sufficient advantage in specifying a larger 
maximum size to justify a specification which would force the use of 
crushed ledge rock and discriminate against more than 90 per cent 
of the aggregate producers in the field. 

Grading limits were set up for two sizes of coarse aggregate, desig- 
nated as “21% in. to 114 in.”, and “114 in. to No. 3.” In beams, 
slabs, rails and all sections less than 8 in. thick or having reinforcing 
bars less than 4 in. apart, and within the structural steel cutting edge 
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sections of the caissons, the maximum aggregate size was 114 in. In 
all other parts of the structure the maximum size was 2 % in. 
Grading of the fine aggregate was also specified within tolerances, 
but the contractor was permitted to furnish this in two sizes, desig- 
nated as pea gravel and sand, respectively, which when blended 
either at the plant or the job, would produce the grading specified. 


SPECIFICATIONS 


The Combined Aggregate for concrete shall be so graded that the percentage com- 
position by weight, as determined by laboratory screens and sieves, will be as shown 
in the following table: 


COMBINED AGGREGATE GRADING 


: 244" Maximum 144” Maximum 
Passing A Per Cent ie Cent 
3” circular opening 100 a 
234" circular opening 95 to 100 _——— 
2” circular opening 83 to 90 100 
144” circular opening 72 to 83 95 to 100 
34" circular opening 56to 70 65 to 75 
3 mesh sieve 30 to 40 33 to 43 
10 mesh sieve 18 to 27 20to 30 
20 mesh sieve 10 to 18 11to 20 
30 mesh sieve 6to 12 6to 12 
40 mesh sieve 3to 8 3to 8 
80 mesh sieve Oto 4 Oto 4 
200 mesh sieve Oto 2 Oto 2 


The combined grading of fine and coarse aggregates shall control the grading of 
any separate groups of sizes proposed for use. The size composition of the combined 
mixture shall show a uniform increase from coarse to fine materials as measured by 
the percentage retained upon a set of standard laboratory screens and any individual 
groups of sizes which do not lend themselves to this size composition of combined 
mixtures shall be considered not to have met these requirements. 

Variations in moisture content in any group of sizes of aggregate shall not exceed 
one per cent (1%) of the weight of the aggregates in a saturated surface dry condition. 
Variations in specific gravity of any group of sizes of aggregate shall not exceed one 
per cent (1%). Variations in grading of the separate groups of sizes of the various 
aggregates shall not exceed five per cent (5%). 

Variations exceeding the maximums as stated above shall constitute cause for 
delaying the use of the materials until batch weights and mixing water can be adjusted 
for the variations. 

The specifications further classified the concrete according to 
strength, density and maximum water content, workability and 


uniformity—the classes of concrete being designated as follows: 


CLASSES OF CONCRETE 


28-Day Strength Bags of Cement Per | Water Max. Cem. Ratio 
Class Cubic Yard By Volume 


A-A 4000 7 
A 3200 6 0.75 
B 2500 5 
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Prior to the preparation of the specifications, a survey was made of 
the available supply of aggregates for the project. Wasting and re- 
handling, it was pointed out by producers, would result from the 
sorting out as usually required on state projects. Pit run materials 
varied widely in size composition, with a dearth of the larger sizes 
required by -theoretical economy in use of cement. It was conserva- 
tively estimated that for every one hundred cars of pit run material 
put through the processing plant, only fifty could be used for concrete 
under conditions of design and control in use previous to the prepara- 
tion of concrete specifications for the Bay bridge. 


To avoid the higher prices and the production problems that would 
develop from this condition, specifications were made to fit a greater 
range of materials but with added emphasis on the control require- 
ments. The aggregate production facilities were pooled and operated 
under the control of a central agency. With some changes in specifi- 
cations for concrete and concrete practice to permit shipments from 
several sources, the state gained several advantages from this pooling 
of production of aggregates. 


The Department proposed a method for estimating the quantities 
of each grade of material required for concrete of known strength, 
density, and weight per cubic foot, which method permitted the use 
of available materials. This method of design and control provided 
the limits to the use of pit run materials and is an effective remedy for 
a condition that tends to place a premium on selected aggregates. 


A specification for concrete containing a specified cement content 
will provide for definite strength and density if the water is definitely 
limited. Any combination of sizes which can be fabricated with this 
cement and water content will be of equal strength and density. The 
only effect of changes in size composition is a change in workability. 
If ample allowance of cement is made to conform to the use of an 
ample portion of mortar, the grading of the coarse aggregate may vary 
without any appreciable effect upon workability. The control of 
these quantities can be assured if batching is by weight and proper 
consideration is given to the specific gravity and moisture content. 
These details were clearly defined and provided for in the specifications. 


These methods and factors had been thoroughly tested by the state 
and the economic advantages confirmed by producers prior to the 
award of contracts for the Bay bridge project. The producers were, 
therefore, prepared to lend their support to the principles of cooper- 
ative production and delivery, and, with faith in the administration, 
prices were established accordingly. 
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The Concrete Products Sales Co. was organized to buy, distribute 
and sell concrete and concrete materials. This company submitted a 
proposal to contractors on the Bay bridge to deliver mixed concrete 
to the various units of construction. This proposal was accepted for 
all construction involving concrete delivery by water transportation. 

For the reasons given above, the specifications permitted the use 
of materials having a wide range of characteristics. However, modi- 
fications take time and delay operations or cause expanded plant 
investments. To avoid or minimize delays, state inspectors were 
placed at all aggregate-producing plants from which materials were 
obtained. 

Shipments of aggregate were made from the following plants: 

1. P.C. A. Plant “C,” Elliot, Calif. 5. Blake Brothers, Richmond 


2. P.C. A. Plant “D,”’ Elliot 6. Basalt Rock Co., Healdsburg 
3. P.C. A. Plant “E’’, Niles 7. Kaiser Paving Co., Antioch 
4, Kaiser Paving Co., Radum 8. California Rock Co.. Elliot 


The inspectors tested all shipments for identification and classifica- 
tion as related to batching plant operations essential to a satisfactory 
combined mixture. State inspectors working with the plant superin- 
tendents succeeded in obtaining similar products, from each of these 
plants, thereby causing a minimum of delay at the batching plant. 
This was done by adjusting the water flow through the sand classi- 
fiers and changing screen openings to fit a specific grading for each 
group of material. 

Each producing plant had a card color to define similar grading from 
different sources. The train crews then blocked all cars with similar 
_ cards into groups in the train. These blocks of cars were held together 
during shipping and switching, and were spotted at the batching 
plant from switching lists made from manifest sheets forwarded from 
the aggregate plant inspector to the batching plant inspector. This 
arrangement for handling cars of similar materials minimized the 
number of changes in proportion, and removed some of the hazard of 
delay in batching plant operations. 

BATCHING 


Handling Aggregates at Batching Plant 

The component parts of the concrete were weighed out at batching 
plants placed at convenient positions near the work. ‘There were 
five of these plants, the highest hourly demand being upon the Kaiser 
Marine Plant No. 1. 

This plant was located in the Southern Pacific Asiatic Pier No. 2 
on the Oakland side of the Bay. It was served by four stub railway 
tracks. Three of these tracks were used to bring in aggregate and one 
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to bring in cement. Barges of crushed rock and cement were tied 
alongside. At the end of the pier and beyond the end of the stub 
tracks was the batching plant. 


The limited amount of coarse aggregate at the gravel plants necessi- 
tated shipments of crushed rock from quarries. This crushed rock 
was hauled by water on flat barges. A two and one-half yard clam 
shell bucket and crane recovered from the barges. 


Numerous difficulties were encountered with harsh mixes due to 
stone chips. The demand for concrete and the shortage of coarse 
gravel frequently forced the inspectors to use materials which were - 
objectionable from the standpoint of workability. As quickly as 
better equipment could be delivered, the crushed rock producers 
installed additional screening facilities between the quarry storage 
and loading terminal. These screens were operated to remove over 
and under sizes from each group. A shuttle type conveyor was 
installed at the barge loading terminal, which minimized fragmentation 
due to falling of the materials, and segregation was eliminated by 
operating the shuttle and the barge back and forth in such a manner 
that the rock was placed on the barges in layers. 


The card system for marking car shipments was in operation but 
a short time when it became evident that aggregate-processing equip- 
ments and methods were not accurately controlled, and shipments 
varied over the entire range of the grading limits. This condition 
required long hours of testing to identify the groups, numerous 
switching moves to gather cars of similar identification, and delays 
at the batching plant for mix adjustment. 


The superintendent of the Concrete Products Sales Co. called all 
producers of aggregates to a conference at the field laboratory office. 
After the operators had stated their problem of making uniform 
materials, group gradings which would meet with state approval were 
selected as standards of production for all plants. The representatives 
of the producers agreed to make such changes in equipment and 
methods as were necessary to produce these groups. Within a few 
weeks, and with the cooperation of the state inspectors, the correct 
operations and screen sizes were fixed for each plant, thereby giving 
a product from all plants that could be used within the limits of less 
than five different proportions for any type of workability. 

Delays in batching due to variation of materials became the excep- 
tion in routine batching operations. The effectiveness of these pro- 
cessing methods made it possible eventually for the state to remove 
inspectors from the plants to other work, thereby lowering inspection 
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costs. Thereafter an adequate supply of aggregates for faster batch- 
ing operations was assured, and other problems of producing more 
concrete were given greater attention. 

General Batching Plant Design 

The general requirements of the specifications to be considered in 
designing and detailing the batching plants were that they be of 
ample capacity, that equipments be ruggedly constructed and that 
equipment and essential operations be interlocked against duplica- 
tions or quantitative errors. All equipments selected for these installa- 
tions were standard types which had proved practical qualities and 
characteristics. The plant operations were successfully interlocked in 
different ways at the several plants erected under these specifications. 

The general plan of all plants followed the standard system of 
providing bunkers over the weigh hoppers for four groups of sizes of 
aggregates and silos for cement storage over the cement-weighing 
equipment. All plants followed standard design in this respect and 
the problems are familiar ones. 

Batching Equipment 

Before drawing the specification for the Bay bridge, a thorough 
study was made of the success had with automatic weigh batching 
equipment installed on various major projects including the Boulder 
Dam and it was decided that this type of equipment had reached the 
stage where its operation was dependable and the advantages to be 
gained by the insurance of absolute uniformity of control of the con- 
crete mixes justified its mandatory use. The specifications, therefore, 
provided that the amount of cement and the fine and coarse aggregate 
should be determined by direct weighing equipment which should 
include a visible dial or equally suitable device accurately registering 
the scale load of any ingredient at any state of the weighing process; 
that the dials should be operated by a mechanism of the full automatic 
type capable by means of a photo-electric cell or other suitable device 
of actuating the gates controlling the flow of the various ingredients 
into the weigh-hopper at previously determined weights so as to 
provide accurate proportioning to within one per cent of the specified 
weight of cement and two per cent of the specified weight of each 
separate aggregate. 

It was provided that the weights of the various ingredients should 
not be cumulative on the dial but that the dial should be graduated to 
accommodate the heaviest ingredient and a poise provided for each 
ingredient in such a manner that when the poise is set on the beam to 
the required weight the indicator on the dial shall point to that weight 
and as the material flows into the weigh-hopper, the indicator shall 
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approach ‘‘0’’, reaching ‘‘0”’ when exactly the right weight has been 
attained. In this manner the weight of each ingredient returns the 
indicator to 0,” cutting off at that point. 

It was further provided that the equipment should include an 
accurate automatic graphic recorder capable of being locked, for visibly 
and graphically recording the time of weighing and the actual weight 
of each separate ingredient, including water entering into every batch 
as well as the weight of surface moisture. 

The equipment should be capable of ready adjustment for deter- 
mining the varying weight of surface moisture in the sand and coarse 
aggregates in every batch and of compensating in each batch for the 
varying weight of moisture contained in the aggregate. It should 
also be capable of ready adjustment for changing the proportions of 
batch satisfactorily. 

The equipment was arranged so as to permit the convenient removal 
of over-weight material in excess of the prescribed tolerances. 

No difficulty was encountered in securing equipment which would 
conform with the specifications outlined above and it has satisfactorily 
performed throughout the life of the project in four batching plants 
where materials for more than 500,000 cu. yd. of concrete have been 
accurately and uniformly batched with negligible delays due to faulty 
equipment operation or breakdown. 

TRANSPORTATION 


For all land concrete, batching plants were set up close to the site 
of the work with a concrete mixer as a part of the batching plant con- 
struction. Mixed concrete was thereafter transferred from the mixer 
into the construction unit either by dumping from the mixer into a 
bottom dump bucket swung into place by a crane or by dumping into 
a truck or car where necessary to transfer the concrete to a unit of 
the structure some distance from the plant. 

For all water structures, however, involving the bulk of the con- 
crete, a different method of transportation was required. The final 
plan adopted by the sub-contractors for the concrete batching and 
transportation was to batch all materials at a central batching plant 
in batches containing aggregate and cement sufficient for 31% cu. yd. 
of concrete. Single batch bins were erected on barges for combined 
rock and sand and companion metal tanks to hold the required 
amount of cement. The maximum capacity of any barge was 80 
314-yd. batches, or 280 cu. yd. of concrete. 

Each bin was equipped with an opening controlled by a gate at 
the bottom, through which the material was dumped onto a belt 
which conveyed the aggregate and cement to mixers at one end of 
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Fic. 16-19—ConstTRUCTION OPERATIONS 8S. F. 0. B. BRIDGE 


Fig. 16 (upper left) Bucket for 
depositing under water seal concrete, 
West Bay piers. Fig. 17 (upper right) 
Type of bucket used for placing under 
water concrete at depth of 230 ft., 
East bay piers. Fig. 18 (lower left) 
Arrangement for placing tremie con- 


crete, East Bay piers. Fig. 19 (lower 
right) Lowering bucket filled with con- 
crete for seal Pier W-6. Pipe guides 
over the top of the bucket prevent 
fouling under the cross walls of the 
caisson. 
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TABLE 1—SUMMARY OF 28-DAY CONCRETE TESTS—ALL UNITS. SAN FRANCISCO— 
OAKLAND BAY BRIDGE TO JUNE 1, 1935 


Total to Date 


CLASS A (6 Sk. Cement) Class B (5 Sk. Cement) 
Under 5-Sk. 514-Sk. 
No. Struct. No. Water No. Struct. No. Struct. 
Cont. Spec. |— Spec. |——————|| Spec. |——————|| Spec. |—————— 
Comp. Comp. Comp. Comp. 
Strength Strength Strength Strength 


Sea Water Cement 


i 


2 59 4051 237 3894 704 3515 
4 215 4104 260 3565 181 3372 
5 126 4392 85 3711 
Ave. 4158 497 3722 970 3506 


High Silica Cement 


3 16 4099 111 3511 
8 3 4263 49 4089 19 3796 68 3929 
Ave. 19 4125 49 4089 130 3553 68 3929 


TABLE 2—TYPICAL RELATION OF BATCH VOLUME—MEASURED VOLUME AND CEMENT 


YIELD (6-SACK CONCRETE) SAN FRANCISCO—OAKLAND BAY BRIDGE 
Illustrating accuracy of control under automatic weight batching system 


UNIT—Pier No. 


18 19 20 21 22 
Batch Volume (cu. yd.) 
(From Batch Weights) + 4855.39 4760.36 4341.25 4466.04 4257.28 
Measured Volume (cu. yd.) 
(Concrete in Place) 4849.00 4724.83 4314.05 4423.19 4239.74 
Sks. of Cement (Total) 28,911 28,431 36,025 25,505 25,389 
Sks. Cement per cu. yd. Concrete 5.962 6.018 6.035 5.992 5.988 


the barge. There were four of these mixers on each of the larger 
barges, more than twice the required capacity to avoid delays due 
to mixer breakdown. After mixing, the concrete was conveyed by 
belt to the opposite end of the barge where it was dumped onto an 
inclined belt mounted on a unit which could be swung around over 
the work platform at the construction unit where the concrete was 
dumped from the barge conveyor belt either into a hopper and thence 
into a bucket for crane placement into the work, or onto another 
traveling belt which conveyed the concrete to a tower where it could 
be dumped into a hopper and subsequently distributed to the work 
as desired. 

There were many operating problems to be worked out with this 
type of equipment which were a source of grief to the engineer as 
well as the contractor. Once a barge containing 80 batches of materials 
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left the batching plant no changes in proportioning in successive 
batches could be made after arrival on the work to meet changing 
conditions both in the materials and method of placement. 

The troubles inherent in belt transportation of concrete were even 
more acute on this, than on the usual project where belt transporta- 
tion is used. 

Through experience, these problems were gradually reduced to a 
minimum, however, and the general results were very satisfactory. 

Table 2 gives some idea of the accuracy of control developed. 

PLACEMENT 

It was necessary to design suitable 6-sack concrete mixes for under- 
water concrete placed by Tremie to depths of 50 ft. and by bottom 
dump bucket to depths of more than 240 ft., also 5- and 6-sack con- 
crete placed in the dry by chute, bucket, and pump methods with 
internal and surface vibration. : 

DESIGN OF MIX 

Numerous investigators have reported on mixtures of concrete 
material in which the basic water-cement ratio is maintained while the 
gradings are changed to provide workability. Laboratory engineers 
have reported the benefits to be derived from making up combinations 
of sizes to economize on cement. Others, particularly reclamation 
engineers, have reported on adjusting size composition to minimize 
waste. In building the San Francisco-Oakland Bay Bridge these 
ideas were coordinated to a wide degree to solve the numerous prob- 
lems in manufacturing concrete that arise where many different types 
of structural elements must be fabricated under conditions requiring 
a wide assortment of tools and materials. 

However, with available materials, concrete proportions, tools and 
methods were developed to provide ample capacity, efficient opera- 
tions and essential quality. Theoretical factors were not compromised 
more than practical operations usually compromise theoretical intent. 
In fact, the recognition of the compromises that regularly occur in 
field operations suggests means of making mixtures in which there is 
less compromise. It is believed that workability takes precedence 
over all other factors. The structure, design and specifications should 
be premised upon such mixtures. When this has been done, the con- 
tractor should be obliged to use methods and tools by means of which 
uniform concrete is manufactured. 

A concrete mix containing plenty of mortar and no free water 
possesses certain advantages to the engineer and contractor. Mixtures 
of this type can be handled and placed under almost any condition. 
The necessity for accurate water control and uniform fabrication is 
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evident, but the necessity for careful grading of coarse aggregates is 
practically eliminated if weight batching is employed. Adequate 
strength is assured by controlling the water cement ratio. The only 
serious objection to this type of mixture is the increase in cement 
which might be required to decrease the water cement ratio to that 
of a mix requiring less water. However, this increase in cement need 
not be great, and many other conditions may more easily be brought 
under control by the use of this additional mortar. 

Concrete batched and loaded on barges to be used under a great 
variety of conditions with a fixed water cement ratio, must be com- 
pounded uniformly from uniform materials. Concrete containing no 
free water, to be placed in watertight caissons, pier shafts, bridge 
seats, tunnels, reinforced elements and floor systems, must be put 
together properly. When loaded and out to sea, the entire cargo may 
go either into the structure or into the Bay. 

Very little tolerance was allowed for aggregate sizes passing a 
34-in. and retained on a xe-in. These sizes were avoided, resulting 
in a tendency to skip combined grading. Particular emphasis was 
placed upon the provision that the sand should contain approximately 
30 per cent passing a 30 mesh sieve. 

The concrete mixtures selected for use in the various units and 
elements of the Bay Bridge project were those in which the ratio of 
fine to coarse aggregate might be increased or diminished without 
increase in water, although, theoretically there is a limited variation 
in water due to changing the sand. 

The subject of surface checking and incipient shrinkage cracks 
was given attention. This evil as it developed in the early period of 
construction was found to be associated with certain fine sands. 
Without any great change in slump, but by a change in sand grading, 
this surface checking disappeared. 

CONCRETE DESIGNED FOR PUMPING 

Properly designed concrete mixtures containing no free water can 
be readily pumped through pipe lines. The mortar should possess a 
maximum of cohesiveness to support the coarse aggregate column at 
the center of the pipe, and above all it should not contain an excess of 
intermediate sizes which interfere with the larger aggregate nesting 
together in this central section of the column. When these mixes are 
correctly designed, concrete made from rock or gravel up to a 3-in. 
maximum may be delivered easily into caissons or tunnel walls by 
pumping. The manufacturer developed a pugmill mixer and feeder 
for these pumps which effectively avoided segregation and tendency of 
the concrete to jam in the pipe line. 
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Six-sack tunnel concrete with a water cement ratio of 0.73 to 0.75 
and a slump of 2-in. to 3-in. is being pumped 540 lin. ft. and lifted 
60 ft. vertically through the pump line with entire success. The 28- 
day compressive strength of this concrete has ranged from 3800 to 
4975 p.s.i., with an average strength of 4128 p.s.i. for 24 specimens. 
Five-sack Pumpcrete concrete in the caisson of Pier W-3 averaged 
3685 p.s.i. 

HANDLING TOOLS 


The construction methods used in the Bay bridge units required 
that the concrete mixtures be transported by belt conveyors, cars, 
skips, chutes, bucket or tremie. 

Concrete may be satisfactorily transported on belt conveyors, but 
its usefulness will depend upon what effective remedy is adopted to 
offset the evils of such means of conveyance. There are any number 
of cases where belt conveyors are very useful in solving the problems 
of transporting concrete, but belt conveyors like chute lines, cars and 
buggies, cannot always be used to place concrete. Transportation 
and placement are very different matters, although the problem of 
transporting and that of placing concrete are closely associated. If a 
properly designed concrete mixture is handled properly at transfer 
points, there is no technical reason for denying the use of any or all 
means of transportation. In fact, to insure low costs on projects of 
the magnitude and character of the Bay bridge, it is advisable to 
permit this freedom to the contractor, provided certain remedies for 
inherent evils of a transportation system are made effective. 

If the complete batch from the mixer is delivered to the point of 
placement and possesses stability to insure uniformity of ingredients 
after transporting, that batch can be partially dumped at several 
adjacent points in the forms to make a homogeneous structural 
element. This is evident. Assuming all batches delivered from the 
mixer to be alike, the problems in transportation arise from the 
necessity of making batches which can be divided or strung out with- 
out losing any of the essential properties of the original mixture. 
The mix must be one which will not disintegrate beyond repair by 
means of remixing bell trays or hoppers at transfer points on belt 
conveyors or chutes or other transportation units. These remixing 
gadgets should be installed at every point in the transportation 
systems before vibrations or jolting cause disintegration beyond 
repair. If materials used in the mixture cannot be developed which 
possess properties to remedy this disintegration, the unit length of 
chutes or belts must be shortened or their use discontinued. It has 
been found necessary on this work to restrict the distance between 
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transfer points for chutes and belt conveyors, but materials have 
always been available to make concrete that could be moved by any 
system of transportation. 

An interesting development was the fact that with the 6-sack 
concrete designed for underwater construction with a slump of 5 in. 
to 6 in. to secure the flow considered necessary for proper placement, — 
it was possible to secure strengths in excess of 4000 p.s.i. in from 28 
to 60 days as determined from cores cut from the top of the seal 
concrete of Pier W-2 after de-watering and also from cores cut from 
a block of the seal concrete broken off at an underwater depth of 
more than 170 ft. in Pier W-6, as shown by the following figures: 


1. Cores cut from 6-sack underwater seal concrete top of Pier W-2: 


10 days 1906 p. s. i. 
34 days 3562 p. 8.1. 
60 days 4313 p.s.i. 


2. Cores cut from 6-sack underwater seal concrete broken from base of Pier W-6: 
34 days average strength 3954 p. s. i. 


All concrete deposited under water by the bottom dump bucket method. 

The base of Pier W-2 was placed from bedrock (cleaned with an 
hydraulic jet), at an average depth under water of 100 ft., in a con- 
tinuous operation to within 12 ft. below mean low water. The top 
of this concrete mass was found, upon de-watering, to be covered 
with but a few inches of laitance. Cores were cut from the top after 
cleaning off about 2 in. of this laitance. The strengths were as given 
above. 

It was evident from these tests and from inspection of the surface 
of the underwater concrete placed in other units that 5-in.-slump, 
6-sack concrete of a properly designed mix can be deposited readily to 
any depth under water by means of the bottom dump bucket method 
without segregation and compressive strengths of 3500 to 4000 p.s.i. 
at 28 days can be readily secured. 

VIBRATION 

As an additional aid in securing density, the use of internal vibrators 
was specified for all structural concrete other than the roadway decks 
where the use of surface pavement vibrators was specified. 

All of the contractors elected to use the Viber tamper type of internal 
vibrator for structural concrete. Both the electric and air powered 
types were used with excellent results. It was possible to handle 
concrete successfully with a lower water cement ratio and consequent 
greater density than usual in heavily reinforced structural work. 

The placing of the roadway slabs has been started recently. The 
contractor is using two Jaeger-Lakewood automatic finishers with 
vibrator attachment—one finisher being approximately 30 ft. long to 
span the full width of the lower roadway and the other approximately 
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19 ft. long to span each one of the three lanes of the upper roadway. 
All of the problems connected with this type of equipment and the 
proper design of the mix have not been entirely solved, however, 
6-sack standard concrete with a water cement ratio of 0.72 and a 
slump of 2 in. is being placed satisfactorily in a heavily reinforced 
614-in. slab on the lower deck and 64-sack light weight concrete 
with a water cement ratio of less than 0.70 in the upper roadway. 


LIGHT WEIGHT CONCRETE 


Considerable saving in the cost of the bridge was secured through 
the reduction in weight of members in portions of the structure by 
the use of light weight aggregate concrete in the upper roadway deck. 

The design was based on concrete weighing not over 100 lb. per 
cu. ft. with a strength of not less than 3000 p.s.i. at 28 days with not 
more than 7 sacks of cement per cu. yd., the State to furnish the 
light weight aggregate. 

These specifications were drawn following investigations and tests 
conducted over a period of a year by the Materials and Research 
Department. 

Early in 1934 a contract was let for the production of the coarse 
and fine light weight aggregate. 

Paving the upper roadway was started the latter part of January, 
1935. 

Surface vibrators are being used for placing the concrete in the 
heavily reinforced 6-in. slab. Bottom forms have been stripped and in 
general show a perfect concrete surface without honeycomb. While 
there is very little tendency for the coarse light weight aggregate to 
work to the surface under vibration when the proper amount of water 
is used, the relatively heavy mortar readily works to the bottom of 
the slab under vibration, thus simplifying the under surface problem 
as compared with standard weight concrete. The result, however, is a 
deficiency of mortar and an excess of large rock in the surface, thereby 
increasing the finishing problems for a smooth riding surface. This 
difficulty is overcome by first screeding and vibrating the surface a 
quarter inch low and then adding sufficient standard sand mortar to 
make up the deficiency. The amount of mortar in the finished surface 
is not greater than that in standard pavement construction with 
standard aggregates. 


TEMPERATURES OF UNDERWATER MASS CONCRETE 
To secure some information as to temperatures developed during 


the setting of large masses of concrete deposited under water, Carlson 
temperature coils were installed in several of the units. One was 
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SAN FRANCISCO- OAKLAND BAY BRIDGE 
TEMPERATURE RECORD - PIER 2 - CONTRACT 2. 
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installed in the seal concrete of Pier W-3 approximately 224 ft. below 
mean low water. From similar tests conducted on other under-water 
units of the bridge, it was found that all mass concrete deposited 
under water in blocks 16 ft. or more in depth, can be expected to 
develop temperatures exceeding 130° F. in the center of the mass, 
even though placed in water of less than 60° F., also that even the 
surface of such under water masses can be expected to develop tem- 
peratures substantially higher than the surrounding water. In all 
probability, mass concrete deposited under such conditions develops 
practically normal strength at all periods. 


SUMMARY 


1. With raw materials similar to those readily available to practi- 
cally all the cement mills in California, a high quality cement with 
less than 8 per cent C3;A can be manufactured without increase in 
cost sufficient to justify a premium price. 

2. All high-iron low-C3;A cements manufactured for the Bay bridge 
readily pass A. 8. T. M. requirements. 

3. The low C3;A cement manufactured for the Bay bridge by all 
companies shows much greater resistance to sulphate action than the 
standard portland cements manufactured by the same companies. 

4. The high silica cement used in some of the units of the Bay 
bridge developed at least normal strength and, under the sulphate 
tests, showed greater resistance to deterioration than the standard 
cement manufactured by the same company. 

5. Following the general principle of concrete design outlined in this 
discussion, and by exercising rigid control over the production and 
shipment of the aggregate insofar as uniformity of grading is concerned, 
no serious difficulty was experienced in designing concrete mixtures 
suitable for placement under all of the placement conditions encoun- 
tered on the Bay bridge including underwater concrete deposited in 
concrete seals to any depth, either by the tremie method in depths up 
to 50 ft., or by the bottom dump bucket method in depths up to 240+ 
ft. Concrete mixtures were designed for successful placement without 
segregation, by the chute, truck, car, wheelbarrow, or the Pumpcrete 
method. 

6. It was possible by rigid control of the concrete mix to maintain 
a water cement ratio low enough, regardless of slump requirements 
based on method of placement, to result in a structural concrete aver- 
aging in excess of 4000 p.s.i. at 28 days with 6 sacks of cement per cu. 
yd. and a water cement ratio of .75 and a 5-sack concrete averaging 
over 3500 p.s.i. at 28 days with a water cement ratio not exceeding .85. 
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7. A high degree of uniformity in strengths was obtained, as deter- 
mined by compression tests, on more than 2000 cylinders cast to date 
on the project. Uniform 3500 p.s.i. 5-sack concrete was fabricated 
suitable for placement under practically any structural design require- 
ment, with the result that 5-sack concrete has been specified as stand- 
ard for practically all structural units of the approach structures which 
have recently been let to contract. 

8. There is no doubt that the uniformity in consistency and strength 
of the concrete produced on this project was made possible by the use 
of the automatic type of batching equipment specified, and that the 
specifying of this type of equipment is justified on any project large 
enough to absorb the initial cost. 

9. By the use of automatic weighing equipment throughout it 
was possible to control the cement yield to within less than one per 
cent of theoretical for the entire project without constant changes in 
the mix based on discrepancies between successive placements. The 
cement yield seldom attained the maximum 2% per cent variation 
fixed in the specifications. 

10. Both internal vibration of structural concrete and surface 
vibration of heavily reinforced floor slabs makes it possible to place 
satisfactorily concrete of lower water cement ratio and greater density 
than hand placement methods. 

11. Light weight concrete weighing not more than 100-105 lb. per 
cu. ft., with a strength of at least 3000 p.s.i., with not more than 7 
sacks of cement per cu. yd. is being fabricated and satisfactorily 
placed in the 6-in. heavily reinforced upper roadway floor slab. 

ORGANIZATION 

The San Francisco-Oakland Bay bridge is being constructed under 
the California Toll Bridge Authority headed by Gov. Frank F. Merriam. 

The construction is being handled by the San Francisco-Oakland 
Bay Bridge Division of the Department of Public Works, Earl Lee 
Kelly, Director. 

C. H. Purcell, Chief of the California Division of Highways, is 
Chief Engineer of the Bay Bridge, Charles E. Andrew is Bridge 
Engineer and Glenn B. Woodruff, Engineer of Design. Board of 


Consulting Engineers, Ralph Modjeski, Chairman, Moran and Proctor, 


Leon S. Moisseiff, Charles Derleth, Jr., and H. J. Brunnier. 

Resident Engineers: San Francisco Anchorage and Approaches, 
N. W. Reese; West Bay Piers and Suspension Spans, I. O. Jahlstrom; 
Yerba Buena Island Anchorage Tunnel and Approaches, H. Carter; 
East Bay Piers, Approaches and Superstructure, V. A. Endersby. 

All local structural steel, cable wire, timber, piling, cement, concrete, 
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batching, paint and miscellaneous materials control tests are being 
handled by the Materials and Research Department of the California 
Division of Highways. 

Stanley M. Hands, Associate Physical Testing Engineer, repre- 
senting the Materials Department, is in charge of the concrete mix 
design and plant control. 


For such discussion of this paper as may develop, readers are 
referred to the JoURNAL for March-April 1936. Discussion should 
reach the Secretary by February 1, 1936. 
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RARITAN RIVER BRIDGE—U. S. ROUTE NO, 25, NEAR NEW 
BRUNSWICK, N. J. (SEE “ARCHITECTURAL CONSIDERATIONS IN BRIDGE 
DESIGN’’) 


ARCHITECTURAL CONSIDERATIONS IN BripGE DEsIGn* 
BY MORRIS GOODKIND{ 


TuRovuGHouT the history of man, from the earliest records of his 
existence there have been evidences of his problems in overcoming 
obstructions to his progress in transportation and to this day some 
of the most ancient structures still in existence in one form or another 
are bridges. They form visible monuments to the civilization and 
culture of the periods which they represent and serve to tell part of the 
story of peoples of past eras in a very vivid manner. 

Reaching the more developed stages of progress we find the pictur- 
esque type of Chinese construction adapted to their native charac- 
teristic requirements, followed by the monumental bridges and aque- 
ducts of the Romans of massive stone masonry and continuing through 
the Mediaeval and Renaissance periods, each exhibiting their indi- 
vidual advances in the art and science of bridge building. The pecul- 
iarities of the cultures and artistic development of the civilizations of 
these periods are brought down to us by the architecture of their 
structures, and there can be little doubt of the enjoyment and interest 
which these respective peoples experienced not only in the use of, 
but also in the observance of these creations of their own peculiar art. 

Until two decades ago the development of bridge engineering in 
America was confined almost entirely to the utilization of new and 
more efficient structural materials and the perfection of scientific 
principles of design to meet the requirements of the rapid growth and 
industrial progress of our country. There appeared to be little time 
or desire to consider the cultural welfare of the public with the result 
that with few exceptions we now look upon these structures as products 
of a period when our artistic sense must have been quite dormant. 

Fortunately, this condition is gradually but surely being eliminated, 
and the principle factor in this transition is the expansion of the 
modern highway system throughout the country. More and more is 
the necessity for consideration of the appearance of bridges becoming 
apparent, but not until the bridge engineer recognizes that the general 
public demands beauty in all of his designs will he be considered to 

*Presented at the 31st annual convention, American Concrete Institute, New York, Feb. 19-21, 1935. 

{Bridge Engineer, New Jersey State Highway Commission. 
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have given all the service rightfully expected of him. The revenue 
for public buildings is supplied by the same governmental agencies as 
State and County bridges and these agencies are very careful in the 
selection of their architectural service, materials and type of building 
so as to produce structures that are satisfactory from an artistic as 
well as an utilitarian viewpoint. Is there any reason why a bridge, 
which is probably used and seen by many more people, should not 
receive similar treatment? 

Beautiful bridges at the gateway to a community are distinct assets, 
and set a basis on which the stranger forms his impression of the com- 
munity. On rural highways an ugly structure will destroy the appear- 
ance of an otherwise attractive landscape. The public has always 
appreciated and praised the results obtained by successful esthetic 
treatment of its buildings and failure on the part of the bridge engineer 
to give due consideration to the appearance of his bridges reacts just 
as much to his discredit as faulty structural design. 

Within the last few years we have witnessed the construction of a 
number of extensive bridge projects, by specially created bridge com- 
missions whose organization included consulting boards of architects 
as well as engineers. The results obtained on these structures reflect 
credit almost universally on all concerned. Similar organizations were 
formed to supervise such developments as were undertaken by the 
Westchester County Park Commission. However, the sum total 
of all the bridges coming under such jurisdictions is a very small 
percentage of those which are continually under construction by the 
States, Counties and railroad systems of the country where the em- 
ployment of consulting boards may not be feasible or necessary. The 
bridges in this category do not as a rule rank in importance with the 
monumental, record-breaking class nor do they require the specialized 
treatment of parkway structures. They do, however, call for proper 
expressions of artistic skill as well as structural stability and economic 
soundness, and it devolves upon the bridge engineer to acquire through 
training and experience, supplemented by an innate sense of beauty, 
the necessary qualifications to produce structures which are inspiring 
in esthetic treatment. Much has been said of the value of collabora- 
tion between the architect and the engineer in the creation of proper 
designs, but the architect without the proper background in structural 
analysis may be just as ineffective in producing the desired result as 
the engineer with no conception of the artistic. 

Fortunately, the engineer is not bound by ancient architectural 
orders, forms, or styles, nor are there any fixed standards by which he 
must abide in the development of beauty in his bridge. Terms such 
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as Byzantine, Roman, Gothic, Renaissance, Doric or Corinthian may 
be entirely eliminated from his bridge vocabulary. The grace and 
charm of a structure will depend on the characteristics of the individual 
project and the engineer is in the position of exercising his natural 
talents and own artistic concepts in expressing the beautiful. The 
principles of esthetics are not subject to the same well-defined exact- 
ness as is applied to bridge design and it must be recognized at the 
outset that conceptions of artistic excellence are relative only. The 
structure is viewed by persons of various degrees of cultural develop- 
ment and native characteristics, so that one may create quite conflict- 
ing reactions to his efforts to obtain beautiful results. This difference 
of opinion is also evident among qualified critics of bridge architecture, 
which should emphasize to the engineer the possibilities which lie 
before him in producing structures of individuality in beauty just as 
he has pioneered in the development of the science of bridge design. 

Of primary importance to a beautiful bridge is the requirement that 
it express the truth. It is built to carry with safety certain loads and 
its stability, and durability should be apparent to the lay observer in 
its lines, form and mass, as well as in the appropriate use of its ma- 
terials. Each of its parts should exhibit a clear explanation of its 
purpose and the entire layout should bear a logical relation to the 
particular obstacle which it crosses. The masking of surfaces or 
members without visible justification or the use of lines foreign to the 
structural design leave a false impression and should be avoided as 
lacking artistic worth. Efforts to imitate materials such as stone by 
the use of scorings in concrete surfaces should be discouraged as being 
deceptive. 

One of the essentials in a beautiful structure is the quality of sim- 
plicity. By applying careful thought to the outline of the entire 
bridge as well as to the lines and form of the component members, 
charm and grace may be incorporated in a strictly utilitarian design 
without involving expensive construction. This simplicity should 
extend to all of the elements, such as details, surfaces and choice of 
materials, so that the entire ensemble may express its prime function 
in a direct and pleasing manner. Meaningless ornamentation and 
embellishment merely help to distract the attention from the import- 
ant features and serve to irritate rather than please the observer. 
Useless details and unsuitable decoration will detract from otherwise 
satisfactory structural lines and proportions. Simplicity may be 
attained in a structure regardless of the problems presented by the 
location, and by an earnest effort to abide by its principles the designer 
will have greatly improved the appearance of his bridge. 
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PETERS BROOK BRIDGE, ROUTE 31, SOMERVILLE, N. J. 


Perhaps the most universally admired feature of a structure from an 
esthetic viewpoint is symmetry, and it probably is the most difficult 
to attain in perfection. Bridges are built to cross natural or man-made 
obstacles and they must of necessity conform to the conditions imposed 
by their location, but in all cases one should strive for as perfect a 
degree of symmetry as possible. This applies not only to the number, 
type and arrangement of spans, but also to the profile of the roadway 
and all features which should properly be parallel to it. By the use of 
an easy convex vertical curve we not only produce a dominant line of 
grace, but gain vertical under-clearance which is so often essential and 
avoid the appearance of sag and weakness that a straight line grade 
produces. This quality is more essential to bridges of short length 
where the eye of the observer may view the entire layout at a glance 
than where the bridge is of such length that lack of perfect symmetry 
can only be detected by an extended study of this feature. Crossings 
of wide streams usually require a long span over the main channel, 
which in turn fixes the required underclearance, and the location of 
the peak in the grade line. As is often the case, this natural channel is 


adjacent to one of the shore lines and the dominant span therefore is. 
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located so as to make symmetry impossible. Similar conditions may 
result from the difference in character of the topography on both 
shores, from the number and type of additional obstacles that must 
be crossed or from foundation conditions which may control the 
number and length of spans. However the divergence from true 
symmetry should be in a regular manner, bearing in mind that the 
reason therefor must be made apparent to the observer so that the 
honesty of the layout may compensate somewhat for the lack of 
balance. Where no difficulties of a major character are presented 
toward gaining true symmetry, then, surely, this quality should be 
attained even at slightly increased cost since it is so elemental toward 
beauty. The location of the line of symmetry is worthy of considera- 
tion. For a single span crossing there can be but one choice. As the 
number of spans increases it is desirable that they be added symmetri- 
cally about the middle span, which becomes the focal point of the 
entire layout and appears to provide freedom for the flow of the 
stream where the current is greatest. However, when the number of 
spans becomes so great that the eye cannot at a glance detect the 
center-line of the bridge, this consideration does not bear such weight. 
Similarly in laying out such details as balustrade posts, brackets, 
lighting standards or spandrel columns, they should be spaced so as 
to avoid locating them on the center-line of a span. The natural 
reaction to such an arrangement is that of a concentration unneces- 
sarily placed at the most critical point of the span. 


To be pleasing to the beholder a bridge must possess harmony. It 
must be adapted to the landscape and be merged with its approaches 
so that it does not appear to intrude on the environment or dominate 
the natural scene. The ends of the bridge should not terminate 
abruptly without regard for the topography of the banks. A graceful 
transition from structure to approach may be obtained by extension 
of the wing walls into the natural ground lines, and in the case of 
a U abutment by continuing the balustrade. Similarly by recognizing 
the effects of the outline of the piers on the resistance to stream flow, 
and making full provision to reduce this resistance, there will natur- 
ally result a form which will harmonize with the current and be 
pleasing in appearance. Harmony of materials will lend dignity to a 
structure. The use of different materials for members serving the 
same functions will leave the observer perplexed and destroy the effect 
of other admirable features. Also the use of inappropriate materials, 
or camouflaged treatment of them, will create an impression of falsity. 
The objective of a complete structure should be one of unity. This 
involves a harmonious relation between the various parts of a span, 


34 JOURNAL OF THE AMERICAN ConcrETE InstiITuTE—Proceedings 


such as between the substructure and superstructure, between the 
arch rib or barrel and the spandrel walls or columns, between the lines 
of the columns or piers and those of the span they support, and between 
the floor and the balustrade or other details superimposed upon it. 
Where more than one span is involved harmony requires a similarity 
among thém, or if such a condition is irrational for obvious reasons — 
the break in similarity should be made well-defined by an intervening 
mass in a pier or pilaster. Under the classification of harmony we 
may also consider the requirement for continuity. Primarily the 
bridge is one small portion of the highway and as such should give the 
user thereof the feeling of safe and uninterrupted freedom of travel. 
He will naturally desire to view the landscape from the advantageous 
location of the bridge and obstructions in his line of sight will of course 
provoke him. Such an effort is not conducive to the enjoyment of 
the bridge. A deck type structure with no interference between the 
lines of the balustrades will serve to create the impression of con- 
tinuity and security, while through structures, with unintelligible 
sections of the main carrying members protruding through the road- 
way, immediately direct attention to the existence of a hazard below 
and produce a feeling of anxiety as to the safety of the user. 

The fourth of the architectural principles necessary for a pleasing 
structure is proportion. The purpose of each unit should be clearly 
defined and its mass should bear a logical relation to the work it is 
called upon to perform. This condition need not necessarily involve 
a disregard for economy since proper consideration in the design 
toward the requirements of economy and beauty will usually provide 
both satisfactorily. The manner in which superimposed loads are 
carried to columns, piers or abutments should be made obvious by a 
graceful and properly proportioned seat to indicate the adequacy of 
the transfer. The depth of superstructure should be in direct pro- 
portion to the span length it covers, for there is nothing so apparently 
inconsistent and unartistic to the observer as a shallow deck in a long 
span flanked by shorter spans of deeper dimensions even though in 
each case the structural analysis is correct. A bridge that is archi- 
tecturally correct does not require that a designer explain to the 
general public, in whose interest it was built, the reasons for such 
discrepancies. The stability of the structure should be apparent, so 
that the user may travel over it with confidence. 

The principles thus far discussed are basic in producing bridges of 
architectural merit. The degree of excellence attained will depend 
upon certain additional considerations, which may be termed of 
secondary importance but which nevertheless must be given careful 
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RARITAN RIVER BRIDGE, ROUTE 31, AT SOMERVILLE, N. J. 


thought if charm, elegance and dignity are to be fully expressed by the 
construction. In this division we find the headings of lines, details 
and ornamentation, any of which may improve or destroy otherwise 
beautiful conceptions if they are nor properly treated. 

With relatively few exceptions the main deficiency in bridges which 
were built during the pioneering period in this country was the lack 
of graceful lines. This was due in large measure to the materials 
available and the demand for the rapid development of means of 
communication. The ugly appearance of the harsh straight lines of 
the wooden, iron and steel bridges of this era is known to all. With 
the advances made in the analysis of suspension bridges and the rapid 
improvement in the design and construction methods of reinforced 
concrete the engineer has been afforded media for the use of the more 
distinctive curved lines. The inherent beauty of the circular segment, 
the ellipse or parabola will provide the grace that is so essential to the 
pleasing structure. It is recognized that arch construction is not always 
possible but by applying slightly curved lines to the bottom flanges of 
beams or to transitions between different types of construction some 
of the unfavorable reaction to the abrupt change will be avoided. 
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In the development of details proper weight must be given to their 
function, always bearing in mind however their relation to the main 
members of the structure. In an ideal layout the balustrade is prac- 
tically the only feature of the bridge visible to the user and his impres- 
sion is based largely upon its adequacy and beauty. Its dimensions 
should express strength without being cumbersome, and its design . 
should be simple and permit an unobstructed view of the natural 
surroundings. Copings on piers, bridge seats and walls should be 
made bold enough to indicate character without distracting from the 
units of which they are a part. Overhangs in the form of bracketed 
construction and cornices may add distinction to the units supporting 
them, but by exaggeration of the overhang the shadows may obscure 
the more important features below them. 

The question of ornamentation is subject to the most divergent 
views on the part of architects and engineers alike if one is to judge 
by bridges constructed within the past decade and by the statements 
of critics. The following quotations are used as examples: ‘Wood or 
steel forms are necessary, in most cases, to hold the concrete in the 
shape it is to have finally. Why not, therefore, permit the marks of 
these forms to be exposed since they tell the story of the mode of 
construction? More often these markings look better than a treated 
surface if the construction of the forms is the subject of careful plan- 
ning.” Another authority writes in discussing the virtues of European 
bridges, ‘‘A structure is never seen left with its rough, unsightly 
construction finish showing the imprint of forms.” Again, “Neither 
should stone facings be used in a concrete or reinforced concrete 
bridge, but the entire structure should be truth-telling in every 
respect.” We are all familiar with the stone faced concrete bridges 
which have been constructed in the last few years and which have 
been pronounced beautiful, but perhaps conditions make fixed rulings 
inadvisable in specific instances. 

The purpose of ornamentation should be to accentuate the function 
of the individual member to which it is applied in relation to other 
component parts of the bridge, and to the entire bridge. By proper 
detailing of decorative treatment stress may be laid on the relative 
importance of the various lines in the structural design so that an 
instructive as well as a pleasing picture is presented to the observer. 
Piers supporting columns should be defined at their junction by a 
coping. The columns in turn should be provided with appropriate 
seat detail if the deck simply rests on it. On the other hand if the 
column and superstructure form a continuous frame this phase should 
be clearly emphasized. The arch barrel and spandrel wall may be 


Sept.-Oct. 1935 Architectural Considerations in Bridge Design 37 


made distinctive by slightly recessing the latter, by different surface 
treatment or by panelling. The spandrel wall and balustrade may 
in turn be defined by a cornice parallei to the roadway always bearing 
in mind the danger of making this cornice or overhang overbearing. 


There is one other justification for ornamentation. That is its 
use in improving large flat surfaces which would otherwise be unin- 
teresting and monotonous. It is the practice of railroads operating 
over electrified systems to require solid balustrades, 6 ft. 6 in. high 
to avoid interference with their catenary lines. In such cases, orna- 
mentation is essential to reduce the wearisome effect on the observer. 
Similarly some slight treatment of long wing walls will add interest 
to its surface. One must always be careful however that the amount 
and proportion of ornamentation does not overemphasize it in relation 
to the member which it is intended to decorate. 


It would of course present an almost insurmountable problem to 
conform with all of the principles discussed heretofore with some of 
the structural materials available to the bridge engineer. Through 
the medium of concrete, however, he is in a position to apply them 
practically and economically, and may treat all bridges, regardless of 
size or importance as means of expressing dignity and charm. Mass, 
which is so essential to proper proportion, is an inherent quality of 
concrete. Graceful lines may be readily obtained and the appropriate 
form becomes a simple matter in the field. It is an ideal medium for 
ornamentation and both in design and construction it is readily 
adapted to the desires of the engineer. 


It is to be noted that all of the principles and considerations requi- 
site to produce an artistic conception are interdependent. It therefore 
is necessary that the complete layout, including details, be carefully 
studied at the very inception of the design in order that the project 
may satisfy the unity required in an esthetic creation. On more 
important bridges this may necessitate perspective drawings of the 
entire structure so that the suitability of the details may be judged 
in its relation to the more important features and the balance of all 
of the parts may be properly adjusted. Photographs of the site 
itself may advantageously be incorporated in these studies to assist 
in harmonizing the structure with its environment. 


The esthetic excellence of a bridge is not subject to the same posi- 
tive analysis as is the structural design, but if the engineer with good 
taste and judgment, will apply himself as thoroughly to acquiring 
a conception of the artistic as he has to the perfection of his scientific 
theory, he will then be in a position to contribute to the cultural 
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progress of his time. The bridge has always been an index of the 
development of its particular age and should now be, as ever, charac- 
teristic of the standards of our time. The bridge designer has an 
enviable opportunity for achievement in bridge architecture and for 
creating an era of beauty that will serve as a distinct contribution to 
civilization: 


For such discussion of this paper as may develop readers are 
referred to the March-April 1936 issue of this JouRNAL. Discussion 
should be available to the Secretary by Feb. 1, 1936. 


INSPECTION OF CONCRETE 


The two following papers, presented at the 31st Annual Convention, 
New York, Feb. 19-21, 1935, consider various aspects of the problem of 
adequate concrete inspection. A. Burton Cohen and Rk. B. Young are 
agreed on the importance of inspection as an often-neglected link in the 
chain of responsibility which should achieve in the structure the quality 
anticipated in the design. Insofar as their views are divergent, their 
solutions of the problem are in the kind of training and experience which 
should be required of inspectors. Discussion of these two papers will be 
consolidated in the March-April, 1936 issue of this JOURNAL. See note 
page 50—EDITOR 
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SUPERVISION AND INSPECTION OF CONCRETE* 


BY A. BURTON COHENT 


MEMBER AMERICAN CONCRETE INSTITUTE 


TueERE are three distinct branches of structural engineering. Hach 
is characterized by a material preponderantly used in its particular 
development. The materials are timber, structural steel and concrete. 
Each branch may be divided into three major subjects: research, 
design and construction and these subjects further subdivided into a 
number of interdependent considerations. The perfection of the 
development in each structural specialty may be measured by the 
degree in which the three major subjects may be closely correlated. 

It is not surprising to find in the branch of structural engineering 
dealing with concrete and reinforced concrete, that research, design 
and construction have not been correlated to the fullest possible extent. 
Such prodigious development has taken place in a very short time that 
it has been impossible to translate all the findings of research in terms 
of design and construction. It is evident, too, that a higher degree 
of correlation is required in concrete work than in timber or structural 
steel. 

Due to the fact that concrete is brought to a plastic condition and 
can be molded to fit any particular structural shape, the possibilities 
of creative art are unlimited and therefore varying results are to be 
expected. The most effective work in concrete is performed at the 
site of the structure under a wide range of temperature changes while 
other structural materials are made under cover and temperature 
control. Further conditions affecting construction will be mentioned 
later. The premise is here made that the major subject of construction 
in concrete work has not kept pace with the advancement in research 
and design and that the lack of uniformity concerns supervision and 
inspection. 

A remarkable development in concrete work has taken place in this 
country since 1900. Only 35 years ago American engineers began to 
think seriously in concrete. Mention cannot be made of the early 
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development or beginnings of concrete without referring with pride 
to the achievements of the workers in research. 

For many years at meetings of the Institute the results of certain 
Watertown Arsenal tests were quoted and discussed. G. A. Kimball, 
Chief Engineer of the Boston Elevated Railroad, was responsible for 
these tests, reported in 1899. The echo has finally died away. 

Prof. W. K. Hatt made a series of tests of reinforced concrete 
beams in 1902, determined the modulus of elasticity of concrete in 
1904, and considered the time element of loading in 1907. In 1904, 
Prof. F. E. Turneaure at the University of Wisconsin made further 
tests on beams and, collaborating with Prof. E. R. Maurer made an 
excellent contribution in a text book covering principles of reinforced 
concrete. Prof. A. N. Talbot at the University of Illinois was also 
investigating the strength of beams in 1904 and on columns in 1906. 
Prof. M. O. Withey of the University of Wisconsin, tested beams in 
1906, columns in 1909 and later carried on a 10-year test to determine 
the effect of age and curing conditions on the strength of concrete. In 
1905-07 Prof. Ira Woolson thought about thermal conductivity of 
concrete mixtures and the effect of heat upon the strength and elastic 
properties. Sanford E. Thompson made valuable research pertaining 
to the consistency of concrete before 1906 and Buell and Hill were 
responsible for a very fine text book on concrete in that year. As far 
back as 1889 Prof. Baker included in the first edition of ‘Masonry 
Construction” an article on plain concrete which in the edition of 1907 
was developed into several chapters on plain and reinforced concrete. 
Fuller and Thompson developed laws of proportioning. 

These are a few of the pioneers who recognized great potentialities 
in structural concrete, devoted a life time toward its development, and 
from their early work laid the foundations and the spirit of the great 
research work which followed. They did not find it inconsistent to 
crush good natural stone to make a so-called artificial stone, because 
they saw a wide application ahead in the flexural possibilities of em- 
bedding steel reinforcement in the mass to take tensile strains. They 
were not hidebound by precedents. 

Then came another group of investigators. F. R. McMillan in 1915 
reported the shrinkage and time effects in concrete, made other 
investigations and is now Director of Research of the Portland Ce- 
ment Association. A. T. Goldbeck from 1910 to 1916 deliberated 
over the expansion and contraction of concrete while hardening and 
made one of the most valuable contributions affecting design through 
his tests to determine the distribution of concentrated loads on a series 
of beams and slabs. These tests proved that many of the reinforced 
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concrete railroad bridges of that day were 40 to 60 per cent overde- 
signed and a similar condition prevailed in the design of highway 
structures. A.B. McDaniel carried on a series of tests to determine the 
influence of temperature on the strength of concrete in 1916. All con- 
crete engineers should be familiar with every detail of these tests since 
they are most valuable as a guide in the removal of forms in all degrees 
of temperature. Bates, Philips and Wig made valuable contributions 
in research to determine the action of alkali water and sea water which 
included an examination of structures all along the seaboard. In 1917 
A. R. Lord tested flat-slab girderless floors of large buildings and was 
largely instrumental in the development of this very important use of 
reinforced concrete. 

More lately Duff Abrams in an exhaustive and most comprehensive 
investigation, established a law that fixed a definite relation between 
the strength of concrete and the ratio of the water content to the 
cement. The work of Duff Abrams is the most outstanding achieve- 
ment in the matter of proportioning or designing concrete mixtures 
and has stabilized the art. Professor Slater was another outstanding 
investigator from 1907 until his untimely death in 1931. Professors 
Richart and Scofield collaborated with Professor Slater in tests on 
bond resistance, effect of electrolysis. Professors Richart and Lyse 
later collaborated with Slater on the A. C. I. column tests at Lehigh 
University and the University of Illinois. Hool and Johnson, Taylor 
and Thompson, Smulski, Professor Sutherland and Walter M. Clifford, 
C. C. Williams made valuable contributions in books on concrete, 
plain and reinforced. 

And recently research workers are splitting the atoms of cement, so 
to speak. They are combining and recombining the four principal 
compounds of cement in various proportions for the purpose of con- 
trolling or reducing to a practical minimum, the heat generated in the 
setting of cement and thus reduce volume changes or shrinkage and the 
internal stresses resulting therefrom. This is the type of research work 
guided by Professor Davis of the University of California, which was 
carried on with reference to the mass concrete work of the Boulder 
Dam, reported at the 1933 convention of the Institute. 

One could continue indefinitely to give just the high points of a most 
intensive endeavor in research work in this country, from which regula- 
tions have been established which control the making of concrete in a 
manner as scientific and as effective as the treatment of iron to produce 
steel of various degrees of hardness. 

The American Concrete Institute has been a most outstanding factor 
in this fine development of concrete work. No problem is held in 
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abeyance. Search is made for information bearing on the intracacies of 
the art as they develop month by month. 


The character of design to accomplish a given purpose may vary in 
many ways, depending upon the whims, the imaginative or creative 
power of the designer combined with his knowledge of research and 
construction. Included in research work is that invaluable review of 
what has been accomplished—a review of experience. The finished 
structure to the layman’s eye and even to the more experienced does 
not always reveal the difficulties and the hazards involved in con- 
struction, and the degree to which the structural shapes were propor- 
tioned or molded to give the most economical and practical application 
of the materials. The writer attempted to emphasize the importance 
of these considerations in a paper presented at the 1926 convention of 
the Institute.* 

Concrete design in America has advanced to a point where it can 
be compared favorably with European practice. Continuous spans 
and rigid frames, long span arches of graceful contour and a fine de- 
velopment in flat-slab girderless floor construction. 


But, assume that the design is based upon the best procedure estab- 
lished by years of research and experience, there remains that last 
important step of building the structure. In this there are two re- 
sponsibilities—that of the engineer in supervision and the contractor’s 
in the performance of the work. The effectiveness of the contractor’s 
work depends in a large measure upon the manner in which the engineer 
discharges his responsibilities. For the present, in this discussion of 
upervision and inspection the contractor’s work is irrelevant. 

As previously stated it is more difficult to correlate construction 
with research and design in concrete work than in any other structural 
activity because of the variables in construction caused by temperature 
changes. In addition, a great amount of inspection of materials must 
be made at the site, different degrees of strength and workability of 
the concrete must be obtained, there are numerous methods of placing 
the concrete, the curing and the protection are important, the form 
construction must be adequate and of good workmanship to secure the 
required surface finish of exposed concrete, the reinforcing steel must 
be placed in the correct theoretical position, and there are so many 
other minor details to be assimilated. In the responsibility of super- 
vising all this work, the engineer carries many functions that are in- 
cluded, for example, in allied manufacturing agencies regulating and 
controlling construction work in structural steel. There are the 


*“Correlated Considerations in the Design and Construction of Concrete Bridges’ —making its 
author a Wason medalist.—EpIToR 


44 JOURNAL OF THE AMERICAN CONCRETE [NsTITUTE—Proceedings 


similar responsibilities of the experienced roller, the inspection of the 
steel after rolling, and the fabrication in the shops. 

There are many ways in which concrete work is supervised and 
carried on. A resident engineer may be in charge of the entire job 
assisted by an inspector, who may be a preferred civil service appointee, 
a chainman; or a rodman of long standing or any other personality of 
little experience, any one of whom may be considered by the contractor 
and even the owner, as a necessary evil. The frailities of inexperience 
and incompetence of this socalled inspector, with whom workers in 
concrete are familiar, will not be further discussed. It is shocking, 
however, to find big users of concrete treating inspection of concrete 
construction with any degree of indifference. 

The functions of the resident engineer are manifold. Usually he 
has all the work he can effectively control in directing the general 
engineering work. At the time that he attempts to inspect materials, 
form construction, the concrete in the making and a multitude of other 
regulations, he may be interrupted by some seemingly more important 
function of general engineering and the concrete work is without super- 
vision. It is then delegated to the incompetent inspector previously 
mentioned. 

Despite the fact that the resident engineer may be experienced in 
general construction work, he may not have carefully followed the 
current development in concrete and he may not be familiar with or 
have forgotten theoretical considerations of design. Is he thoroughly 
interested in concrete work to the point of making a speciality of it? 
If he is not, the work lacks proper supervision. 

It is not to be inferred from this one example of control that all 
concrete supervision is not reasonably well developed. There are many 
organizations that have developed the proper grade of supervision and 
control. Nevertheless the inexperienced inspector is still on the job 
and the character of the supervision may be found to be inadequate. 

Ask a group of engineers, of long training in concrete work, what 
the qualifications of an inspector should be. It has been found that a 
summary of these qualifications reveals an overwhelming preference 
for the technically trained engineer, or his equivalent, the requirement 
of an intensive training in the fundamentals of all three major subjects 
of research, design and construction. This position may be emphasized 
by quoting from the works of a well known writer, as follows: ‘The 
position which the one part occupies in relation to the other parts 
cannot be rightly conceived unless there is some conception of the whole 
in its distribution as well asin amount.”’ Qualifications of the inspector 
pile up until we have all the requisites of a specialist. 
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Here is a big field for the college man of the right temperament, 
personality and aptitude. Other industries through their personnel 
departments, assisted by similar departments at the universities, find 
college men to meet their requirements and a fertile field for such choice 
is open to the concrete industry. 

There is a place on the average job for both a resident engineer 
and an engineer-inspector with whatever assistants the latter may 
need depending upon the size of the job. Confine the duties of the 
resident engineer to the general supervision of the work and the 
engineer-inspector to the specific duties dealing with the inspection 
of all materials, appliances and regulations affecting the concrete work. 
The engineer-inspector is the technically trained man specified after 
he has served his apprenticeship as an assistant. 

What are the prospects of this technically trained assistant, or his 
equivalent? As good, if not better than his prospects would be in any 
other field. This statement is made with no regard to the present 
economic condition. Construction work is extremely interesting and 
absorbing, and a wide field is open to this young assistant. He may turn 
to design, after several years in the field. This would tend to improve 
the character of design since he would be better able to adjust his 
design to meet the practical considerations of construction. He may 
continue on through the duties of an engineer-inspector to a super- 
intendant of construction and further to the control of the contracting 
field, to the end that a better type of contractor shall be available. 

The question of dividing the relative position of authority between 
the resident engineer and the engineer-inspector is a matter of organiza- 
tion. The construction field in concrete needs men trained in the art, 
and the compensation for services rendered should be in line with the 
importance of their work and comparable to the compensation of the 
trained engineer responsible for the quality of materials and workman- 
ship in other structural activities. There is a lack of quality and 
compensation in our present scheme of supervision of construction. 

In the engineer-inspector there would be created the spirit of the 
research worker with a full complement of practical ideas—a com- 
petent engineer in the field concentrating specifically on proper inter- 
pretation, at the inception of every operation of the correct intent of 
the plans and specifications, and to secure with ease and certainty the 
sound concrete that years of intensive efforts of the research workers 
have made possible. It is the belated interpretations of the plans and 
specifications that cause the friction on the job. Lead the contractor 
in the right direction with knowledge and forethought, and he will 


take it with a smile. 


INSPECTION* 


BY R. B. YOUNGT 


MEMBER AMERICAN CONCRETE INSTITUTE 


Ly 11s basic principles, the requirements for adequate inspection are 
not greatly different, whether one is dealing with mechanical or 
electrical equipment, with the materials used_in engineering con- 
struction such as concrete and steel or whathts such inspection is done 
in shop, foundry or field. 

A good inspector is a man who knows as much or more about the 
work he is supervising than the men doing that work. He must know 
how things are done as well as why things are done, and of the two it 
is more important that he know how than why. A good inspector 
must also be a man of character, fair in all his dealings, and liked and 
respected by the men with whom he is working. He must be able to 
get what he wants and make the other fellow “like ity” 


The more knowledge an inspector possesses about the work he is doing, 
the better able he will be to cope with the many problems that he will 
meet daily, for no specification, however complete, will begin to cover 
all situations that arise during the course of the average job. Hence, 
the engineer-inspector visioned by Mr. Cohen is ideal, provided of 
course, that he possesses the other qualifications. 

I have employed engineers as inspectors and as a class they have 
not proved themselves as good as those not so well trained technically. 
The reason is simply that the engineer considers an inspector’s Job to 
be a junior position, an excellent place to get experience but nothing 
more. Consequently, your young engineer, if he is ambitious, is not 
satisfied to make inspection his life work, will not set himself whole- 
heartedly to learning the job, and therefore seldom becomes the 

equal of a lesser educated man, whose ambition does not aspire to 
such great heights. 

This being so, then before any sonora adoption of the use of ex- 
perienced engineers as inspectors can occur, employing engineers and 
architects must become convinced of the necessity for engineering 


*Presented at the 3lst Annual Convention, New York, Feb. 19-21, 1935. 
+Testing Engineer, Hydro Electric Power Commission of Ontario, "Toronto. 
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inspection, and raise the status of the job by paying salaries that will 
attract the desired type of men. This can only come about gradually, 
for at present not one employer in a hundred considers this necessary. 


I have no quarrel with Mr. Cohen’s proposals; they are both sound 
and desirable. But except where work is under the supervision of men 
holding his views, inspection has still to be done under the conditions 
of the present and how, in these circumstances, can competent in- 
spection be obtained. I would like to offer as one solution to this 
problem, the methods used successfully over a period of many years 
by the Hydro Electric Power Commission of Ontario. 

The Commission has found that men of foreman or superintendent 
grade make excellent inspectors if they have the right personality, and 
its whole inspection organization is built around this type of man. 
These men must be capable of actually directing work similar to that 
which they are called upon to inspect. Thus they are mature men, of 
experience and character, who have already achieved a measure of 
success in their profession; and hence command the respect of those 
with whom they have to deal. 

This type of man is much superior to a young and inexperienced 
engineer, no matter how good a man the latter may be. Being older, 
he takes his job more seriously; he has a greater sense of responsibility, 
better judgment and he has learned to be more diplomatic in dealing 
with others. 

Another advantage possessed by this type of inspector is that he 
does not have to overcome that inborn hostility which the average 
workman has toward those better educated. The friendliness of the 
men, and I include the foreman here, is a great asset to an inspector, 
for their co-operation is more important in getting a good job than that 
of the management. 

The successful use of this type of inspector requires the recognition 
‘of certain fundamentals. No good man will be happy in a job in which 
he cannot take some pride; he wants to feel that his work is of real 
value. Because of this, it is necessary that inspection be treated as 
essential work by those in charge; that the job be dignified by recogni- 
tion of its importance. 

In a large organization, another necessity to a satisfied personnel is 
that, as far as possible, these men should not be competing with en- 
gineers for better positions; that is, all the better jobs shouldn’t be 
filled by engineers. Of course, some competition cannot be helped but 
there should be a line of promotion available to them distinct from 
that available to any engineers doing inspection work. Engineers 
must be used for certain types of inspection work because of the 
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engineering character of the requirements, but on the other hand, 
certain better paid senior positions in the inspection field require only 
the addition of executive ability to the other qualifications, and 
preference to these should be given to the non-technical man as a re- 
ward for ability and service. 

Let us now deal more specifically with the inspection of concrete 
work. Much of the unsatisfactory concrete we see about us is due to 
poor materials and workmanship, particularly the latter, and the 
difference between a poor and a good job is usually only a matter of 
the complete supervision of the details of proportioning, handling, 
placing, and curing. Hence, on any concrete job, there should be a man 
who knows how to look after:such work and has the time necessary 
to do it properly. 

A job like this does not require a conerete expert or a trained en- 
gineer, but the man should have a good working knowledge of the 
properties of concrete and of the fundamental requirements of good 
concreting practice. He also needs to know something about the 
testing of concrete and concrete materials, and the interpretation of 
test data in these fields. 

The experience of the author indicates that the best place for a 
future inspector to get this knowledge of concrete is in a laboratory. 
In no other place does he learn so convincingly the laws governing the 
production of concrete. It is easier for a laboratory man to acquire 
field experience than for a field man to learn laboratory methods. The 
former will carry into the field the scientific viewpoint of the laboratory 
and any narrowness of outlook that he may have when he leaves there, 
will be corrected by his new environment; while the latter finds it hard 
to overcome his initial contempt for things theoretical. 

It is a fundamental requirement of good management that re- 
sponsibility and authority go hand in hand, and if a subordinate is 
given one, he must have the other. It is also a fact that responsibility 
can only be partly delegated because in the last analysis, some one 
man is finally responsible for the carrying out of any work and while 
he can delegate authority, he cannot escape responsibility for the acts 
of his subordinates. 

This being the case, the degree of authority that can be given to any 
subordinate must be based on that individual’s particular qualifica- 
tions, which makes it difficult, if not impossible, to standardize in- 
spection jobs even in like work. 

Obviously, a man will need the most supervision in those matters 
in which he is least experienced, and a good boss will supply this 
supervision, but there are certain types of knowledge whose lack cannot 
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be completely overcome by supervision and many matters of workman- 
ship are in this category. They cannot be taught except by example. 
Again, questions of workmanship when they arise cannot be postponed 
but must be solved immediately; as for example, the sequence to be 
followed in placing a complicated section of reinforced concrete. But 
generally, engineering problems will permit of some delay in their 
solution and usually are subject to review by the engineer in charge. 
For these reasons, it seems more important on a concrete job to 
emphasize the inspection function and sacrifice the engineering if there 
is a question of choice between the two types of experience. 

The necessity for concrete inspection is independent of the size of 
the job, rather it depends on its importance; but the manner of pro- 
viding inspection will differ. The big job is easier to organize than 
the smaller, but it is equally important that each have supervision of 
the kind described, viz., a man closely associated with it who knows 
concrete. On the bigger jobs, one man of the proper qualifications 
can be put in charge of a group of very average inspectors and by their 
proper supervision and training, get them to function satisfactorily. 
Surprisingly good results have been obtained in this way with mediocre 
men. 

It is also a requirement of good management that each job, large or 
small, have a recognized head and in carrying out the field inspection 
of concrete, this can best be provided by making the inspector re- 
sponsible to the resident engineer. The Hydro Electric Power Com- 
mission has found this system works well and on larger operations 
where the resident engineer has several assistants, the concrete in- 
spector ranks in authority with the principal engineering assistant, 
and is paid a salary commensurate with his position, even though in 
many cases he is not an engineer by training. On the Commission’s 
smaller jobs, the concrete inspector will outrank other assistants since 
his responsibility is much greater than theirs. On very small jobs it 
occasionally happens that the concrete work is the most important 
element and here a concrete inspector is often put in complete charge 
and may act as both inspector and foreman. 

The one-man job is the hardest to provide for. You can’t expect 
one man to act as engineer, clerk of works and inspector, and satis- 
factorily fill all three positions; and this is equally true whatever the 
training of the man. Usually when this is attempted, the engineering 
and inspection work has to be neglected to take care of the clerical 
detail and the job receives little real supervision. In building con- 
struction, it has been my observation that few reinforced concrete jobs 
were so-'small that their proper supervision would not require two men, 
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a resident engineer and an assistant. But many of these jobs won’t 
have even a clerk of works, supervision taking the form of periodic 
visits by the architect or engineer and a few tests made by an inspection 
company. The result is that the contractor does practically as he 
pleases, only following the specifications in a general way. 

Some engineers and architects provide for the inspection of their 
concrete work through the services offered by commercial testing 
laboratories. This is satisfactory if the laboratory employ experienced 
men and the mistake is not made of having the laboratories’ inspector 
entirely independent of the resident engineer. As I have said before, 
one-man responsibility is a fundamental requirement of good manage- 
ment, and if the resident engineer has no authority over the inspection 
of his own concrete, he naturally is not going to accept responsibility 
for any trouble that develops. The system is very conducive to “buck 
passing.’ 

My purpose in presenting this paper is not to advocate a system of 
concrete inspection or start an argument as the program might suggest, 
but merely to present my personal views of a subject that is given far 
too little thought by most users of concrete. 


For such discussion of the papers by Messrs Cohen and Young as may 
develop, readers are referred to the Journau for M arch-April, 1936. 
Discussion should be available to the Secretary by February 1, 1936. 


STupIES OF Hich Pressure Sream CurinG or TAMPED 


Ho.Luow Concrete BuocKk* 


BY CARL A. MENZELT 
MEMBER AMERICAN CONCRETE INSTITUTE 


THE RESULTS of experiments on small specimens reported in the 
JOURNAL OF THE AMERICAN ConcrETE Institute for Nov.-Dec., 1934, 
indicated that by curing in high pressure steam, concrete could be 
obtained within 1 or 2 days after molding having substantially higher 
strength and lower volume change than concrete cured moist for 28 
days or more at normal temperatures. They indicated excellent 
resistance of the steam-cured concrete to freezing and thawing and 
to the action of solutions of sodium and magnesium sulfate. They 
showed also that during exposure to high pressure steam the somewhat 
soluble calcium hydroxide or lime which results from the hydration of 
cement reacts with finely divided silica in the mix to form a fairly 
insoluble compound which not only contributes to the permanent 
strength and denseness of the hardening paste, but practically elim- 
inates leaching and efflorescence. The steam-cured concrete was 
usually of substantially lighter color and considerably drier than 
moist-cured concrete at the end of the curing period. 

To obtain further information of value to the products manufac- 
turers the experiments on small specimens were supplemented by 
tests on the steam curing of large concrete specimens. These further 
tests were planned to provide a basis for definite recommendations for 
the steam curing of a wide variety of concrete products in the most 
effective and economical manner. This paper presents the results of 
that part of the study dealing with tamped hollow concrete masonry 


units. 

Since the fundamental considerations in the steam curing of port- 
land cement mixtures were thoroughly covered in the earlier report, 
this study was limited to a much narrower scope. One of the principal 
developments from the earlier tests was the important influence of 

a i by the Institute Secretary, August 14, 1935. ves ; 
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1“Strength and Volume Change of Steam-Cured Portland Cement Mortar and Concrete,” by Carl A. 
Menzel, Am. Concrete Inst., Proceedings, Vols 31, p. 125. 
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the amount and character of siliceous material in the mix. It was 
definitely shown that the full possibilities of high pressure steam 
curing for the rich, dense mortars could best be realized when finely 
divided silica was present either as a component part of the cementing 
material or as part of the fine aggregate. These results from the 
earlier tests must be taken into consideration in evaluating the results 
of the present investigation, but it should be pointed out that the 
influence of silica is of less relative importance in the very lean mixes 
used in hollow concrete block manufacture. 
SUMMARY AND CONCLUSIONS 

For the convenience of the reader, the principal conclusions and 
recommendations precede the description and details of the tests. 

1. It is entirely feasible to cure tamped hollow concrete masonry 
units in saturated steam at 350° F. ready for delivery and use within 
24 hr. after molding. 

2. The steaming treatment should begin not earlier than 5 hr. 
after molding, but may be applied at any convenient time thereafter. 

3. The steaming cycle should provide for a full 8 hr. exposure to 
saturated steam at 350° F. and a gage pressure of 120 p.s.i. This 
period of constant temperature and pressure should be preceded by a 
heating period during which the temperature in the steam chamber 
rises gradually to 350° F., and followed by a cooling period during 
which the temperature and pressure is gradually lowered. The length 
of these periods may be varied considerably to meet production needs, 
but until experience in practice demonstrates otherwise it appears that 
the heating period should be a full 5 hr. and the cooling period as 
long as possible but not less than 5 hr. 

4. For all of the mixtures and materials tried in these tests the 
steam curing was completed without change in shape or dimensions, 
or the development of cracks in the hollow units. The units were 
comparatively dry and substantially lighter in color than the moist- 
cured product, and gave a clear ring when tapped with a hammer. 
Their compressive strengths compared favorably with those of units 
cured moist for 5 days and in air for 55 days at 70° F. Aside from a 
tendency towards increased brittleness with cinders and Haydite, the 
steam-cured units appeared on the whole to be superior to the moist- 
cured product. 

5. A special advantage which seems to accrue from the steaming 
treatment is the assurance it gives that the units will not pop or spall 
in service due to the swelling of unsound aggregate particles or other 
causes. Exposure to the high pressure steam is in a sense an accele- 
rated test for disruptive characteristics. 
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Fic. 1—GENERAL VIEW OF INSULATED CYLINDER USED IN HIGH- 
PRESSURE STEAM-CURING STUDIES 


The cylinder, 30 in. diameter by 10 ft. long inside, is designed for working pressures 
up to 200 p.s.i. Saturated steam is generated by heating 6 in. of water in the bottom 
of the cylinder with a gas flame. The rate of temperature rise during the heating 
period is controlled by adjusting the gas flow. The desired pressure is automatically 
maintained during the constant-temperature and constant-pressure period by a 
pressure controller connected to the gas burners. 


6. The shrinkage of steam-cured concrete in drying from a satur- 
ated condition to equilibrium with air in a heated building has been 
shown by the previous tests to be at least 50 per cent less than that 
of moist-cured concrete. 

7. Such comparisons as can be made with the earlier tests referred 
to above indicate that the strength of hollow masonry units, like those 
used in these tests, when steam cured is influenced by the amount and 
character of the siliceous material in the mix, but to a much less 
degree than was shown for the richer and denser mortars in the earlier 


tests. 
GENERAL DESCRIPTION 


The steaming chamber used is described and illustrated in Fig. 1. 
The tests, which were confined to hollow concrete block units, were 
arranged to determine the influence of such factors as type of aggre- 
gate, mix, character of steaming treatment, and age of block at the 
beginning of the steaming period, on the strength and other properties. 

Block. The one design used was the nominal 8 x 8 x 16-in., 3-core block so widely 
manufactured by concrete products plants. It has face shells from 114 to 15¢ in. 
thick, webs from 1; to 114 in. thick, and an average core area comprising 37.5 


per cent of the gross area of 126 sq. in. 

Aggregate. The three aggregates used were Elgin sand and gravel, Haydite, and 
soft coal cinders graded nominally from 0 to 34 in. In one of the later series of tests 
0 to 3% in. crushed limestone was also used. 
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The larger gravel particles, between the No. 4 sieve and 3-in. size, were mainly 
calcareous and contained only 18 per cent of siliceous material. The silica content of 
the particles below the No. 4 sieve, however, was much higher and increased markedly 
with decrease in size as follows: No. 8-4, 26 per cent; No. 14-8, 32 per cent; No. 
28-14, 45 per cent; No. 48-28, 65 per cent; and 0-No. 48, over 95 per cent. 

The Haydite was typical of the light, porous aggregate material prepared by 
burning shale to incipient fusion and crushing and grading the resulting clinker. 
The material used was manufactured at the Danville, Ill., plant of the Western 
Brick Co. 

The cinders used were obtained from the Crawford Ave. power plant of the Com- 
monwealth Edison Co., Chicago, and the limestone was a dolomitic limestone from 
the Chicago area. 

Mizes. Usually three mixes were used, which may be designated as lean, medium, 
and rich, depending on the relative quantity of cementitious material in the block. 

Steaming Cycles. Two steaming cycles were commonly used. One, a 22-hr. 
cycle, permitted steaming only one load every 24 hr.; the other, a 12-hr. cycle, per- 
mitted the steaming of two loads every 24 hr. A-third intermediate 18-hr. cycle was 
used in some of the later tests when information on the results with the first two 
cycles was available. These cycles were divided as follows: 


Period at Constant 


Heating Period Temp. of 350°F. Cooling Period Temperature When 
Cycle In Chamber (120 lb. Gage In Chamber Removed From 
Pressure) Chamber 
22) hr: 5 hr. i Dine. 5 hr. 180°F. 
12 hr. 3 hr. 84 hr. 20 min. Appr. 200°F. 
18 hr. 3 hr. 8) hry Shr: 180°F. 


Steaming Age. The block were steamed at ages of approximately 1, 4, 6, 8, 20 
and 76 hr. after molding. 

Molding of Block. The block were made with a power tamping machine (Anchor 
junior power-tamper, hand stripper block machine). 

The cement consisted of the laboratory mixture of equal parts of 4 brands of 
normal portland cement. This cement was usually combined with Ottawa sand 
and ground 0-No. 200 sieve in the proportion of 60 per cent by weight of cement and 
40 per cent of silica. As pointed out in the introductory paragraphs, the presence of 
finely divided silica with the cement was found in the previous tests to contribute to 
the permanent strength and denseness of the hardening paste and to practically 
eliminate leaching and efflorescence. In these tests, therefore, 40 per cent of silica 
was used in most of the studies. As brought out later, in the lean mixes commonly 
used in block manufacture, the effect of the silica appears to be of less importance 
than in rich mixes used in some other types of concrete products. 

The aggregates after oven-drying were separated into 5 sizes (O-No. 28, No. 28-14, 
No. 14-8, No. 8-4, and No. 4-3% in.) and recombined to give the grading desired. In 
most of the tests the 0-No. 28 material was replaced by silica sand graded No. 48- 
No. 28 in order to eliminate particles in the active size range (0-No. 48 sieve). In 
such tests the only silica present in the active size range was that in the cement- 
silica mixture. 

Each batch was mixed 1 min. dry and 5 min. wet in a 3-cu. ft. Blystone paddle- 
type mixer. The amount of water added was determined by trial to produce a 
consistency as wet as practicable without impairing the handling properties of the 
units during and after molding. 
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Fria. 2—FRESHLY-MOLDED BLOCK ON CAR READY FOR ROLLING 
INTO STEAMING CYLINDER 


Fiq. 3—-STEAM-CURED BLOCK ON CAR READY FOR WITHDRAWAL 
FROM CYLINDER 


Steaming of Block. Immediately after molding, the blocks were either placed in 
the steaming cylinder or were stored in the moist room at 70° F. until they were of 
the age desired for steaming. The block were placed on the car of the steaming 
cylinder as indicated by Fig. 2 and 3 so as to leave a clearance of about 1 in. between 
the sides and 114 in. between the ends of adjacent blocks. The top plate of the car 
on which the three lower rows of block were placed was perforated to facilitate the 
circulation of vapor and steam formed from the heated water in the bottom of the 
cylinder. Thermocouples indicated a negligible difference of temperature during the 
whole cycle between the water in the bottom of the cylinder, the vapor at the top 
of the cylinder, and the cylinder walls. The duplication of steaming runs,was 
excellent. 

Testing of Block. Usually the blocks were brought to constant weight in the air 
of the laboratory before testing for compressive strength, although some blocks 
were tested several hours after steaming and others were tested saturated with 
water. In general, duplicate steam-cured block samples are available for later tests. 
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Fig. 4—Errect OF AGE OF BLOCK AT BEGINNING OF STEAMING PERIOD 
ON THE STRENGTH OF AIR-DRY BLOCK MADE WITH SAND AND GRAVEL 
GRADED NO. 48 To 34 INCHES 


DISCUSSION OF STRENGTH RESULTS 


Tests with Sand and Gravel Block. Tests of block cured by the 22-hr. 
steaming cycle at ages of approximately 1, 8, 20 and 76 hr. (Fig. 4,4) 
indicate that: 

1. When steaming was delayed until the age of 8 hr. the strengths 
obtained were from 35 to 65 per cent higher than that of blocks 
steamed at 34 to 1144 hr. The improvement in strength increased 
with increase in the cement-silica content of the block. 


2. No improvement or reduction in strength occurred by steaming 
at various ages between 8 and 76 hr. 


3. The strength increased somewhat more ee than the increase 
in cementing material. 


4. The strengths of steam-cured sand and gravel block 24 hr. after 
molding when compared with moist-cured block of similar mixes and 
characteristics (See JL. AM. Concrete Inst., Nov., 1932, Proc., v. 29, 
p. 120, Fig. 2) were substantially higher (varying from about 25 per 
cent higher for the leanest mixes to about 50 per cent higher for the 
richest mixes represented) than that of block cured in the moist room 
for 5 days at 70° F. and stored in air for 55 days before testing. 

Tests of block cured in the short (12-hr.) steaming cycle at ages 
up to approximately 20 hr., (Fig. 4, B) indicate that: 

1. Increased strength for the delayed steaming period as compared 
with steaming at 14 to 2 hr. after molding, similar to tests with the 
22-hr. cycle. For the intermediate period—334 to 4144 hr.—the leaner 
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mixes show strengths comparable to those of the longer curing period, 
but the richer mix gave an intermediate strength. 

2. Compressive strengths obtained by steaming at the age of 5 hr. 
by the 12-hr. cycle equal to or more than that obtained in the 22-hr. 
steaming cycle by steaming at the age of 8 hr. to 3 days. 

On the basis of the above it is concluded that satisfactory strength 
of sand and gravel units may be developed by following either the 
fast or slow steaming cycles used or modifications thereof provided 
that: 

1. The period required for heating from 70-350° F. is not less than 
3 br: 

2. The age when steamed is not less than 5 hr. 

3. The exposure to saturated steam at 350° F. is not less than 8 hr. 

4. The pressure release period is not less than 1% hr. 

In general, it is believed that a better product will be obtained by 
a gradual cooling and pressure release period of at least 5 hr. or more. 
This is particularly desirable to avoid surface crazing in dense, rich 
concrete which is to be exposed to the weather. 

Tests with Haydite Block. These results (Fig. 5, A and B) are 
similar in all respects to those with sand and gravel blocks. The 
effect of age at beginning of steaming is less marked and the increase 
in strength with increase in cement content is considerably less. The 
strengths of the steam-cured Haydite block were practically equivalent 
to those of good moist-cured Haydite block (See Ju. Am. CONCRETE 
Inst., Nov., 1932, Proc. v. 29, p. 120, Fig. 2). 

Previous Results on Additions of Silica. In the earlier studies of 
high pressure steam curing! the presence of a certain amount of 
finely ground Ottawa silica (0-No. 200) with the cement showed a 
definite advantage with regard to strength, denseness of paste struc- 
ture, leaching and efflorescence of steam-cured mortar specimens. 
These studies indicated a combination of the lime liberated by the 
hydration of the cement and the silica during the steaming treatment. 
Similar results were obtained with finely divided materials which 
were only partly siliceous such as Haydite, cinders, flue ash, lava, 
granite, etc. Usually, however, the percentages required for optimum 
strength with these materials were higher and the strengths lower than 
for mixtures of ground Ottawa silica sand and cement. 

In view of the foregoing it is evident that when aggregates contain 
finely divided silica or silica-bearing material, less silica needs to be 
incorporated with the cement for optimum effect than when the 


“Strength and Volume Change of Steam-Cured Portland Cement Mortar and Concrete,” by Carl A. 
Menzel, Am. Concrete Inst., Proceedings, Vol. 31, p. 125. 
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aggregates contain no siliceous particles in the active size range. 
With lean mixes it is possible for some aggregates to provide all the 
finely divided siliceous particles required but with rich mixes there 
may be a substantial deficiency. 

The early studies showed that with Haydite, the optimum percent- 
age of 0-No. 200 material in the aggregate was about 30 per cent, the 
same as for pure silica, whereas for cinders it was about 60 per cent. 
These values indicate that in general for optimum effect more silica 
would have to be supplied for cinders than for Haydite of the same 
grading. The information available does not provide a basis for 
estimating the amount of silica it will be necessary to add for different 
types of aggregates as so much depends on the nature and amount of 
material in the 0-48 size range. The size distribution within this 
range is also important as the activity increases with the decrease in 
particle size. 

Silica Additions to be Determined by Trial. In light of the results 
from the earlier tests just referred to it is evident that the products 
manufacturer will need to determine for himself whether silica addi- 
tions are desired and if so the exact proportions to use with the particu- 
lar aggregate, cement, and silica available. Such determinations can 
best be made by trial runs, using the materials in different proportions 
and testing the resulting units for strength. These trial runs should 
be made using mixes of the proportions of fine and coarse aggregate 
and the amount of cementing materials which will give the surface 
texture and strength desired. 

In the various trials the proportion of silica to cement can be varied, 
but the total weight of the cementitious material to the aggregate 
should be kept constant. Three or four mixtures of fine siliceous 
material (0-No. 200 sieve) with cement should be tried ranging in 
silica content from 0 to about 40 per cent. The steaming cycle should 
be carried out in accordance with the recommendations given herein 
and the steam-cured units tested for compressive strength. 

This procedure is illustrated by the results (Fig. 8) with blocks 
made with sand and gravel, limestone and Haydite aggregate which 
were steamed in an 18-hr. steaming cycle at the age of 5 hr. For a 
given aggregate the proportions by weight or the weight of cementing 
material (cement-silica mixture) per block were constant but the 
amount of silica in the mixture varied from 0 to 40 or 50 per cent. It 
will be apparent from a study of the individual strength curves that 
for the conditions of these tests (steaming cycle, cement, mix, etc.) 
approximately the same strengths were obtained without the admix- 
ture of fine silica as with different percentages of silica. 
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In view of these results it may appear that the use of silica additions 
is not justified and that the references to the earlier studies should 
not be cited as pertaining to block manufacture. However, there are 
certain factors not apparent from the strength data of the present 
series which should be given consideration. Cement-silica mixtures 
in optimum amounts continue to gain strength with time of exposure 
to steam at 350° F. Without silica or with low percentages of silica 
the development of strength may be erratic. With some cements the 
strength may increase rapidly and then decrease sharply with further 
exposure. With other cements the gain in strength may be quite slow 
even during exposure for periods of 2 or 3 days. The influence of 
silica in reducing efflorescence is also a factor. Therefore, until 
extended experience under actual plant conditions proves otherwise 
it appears desirable to determine whether or not silica should be used 
by trial somewhat as outlined to insure the best results with the 
materials available. 

Supplementary Tests with Sand and Gravel and H aydite. Fig. 6 gives 
further evidence that good strengths can be obtained with some aggre- 
gates without the use of optimum silica-cement mixtures when the 
aggregate particles below the No. 48 sieve are siliceous or silica bearing. 

The tests of sand and gravel and Haydite block (Fig. 6) were made 
with aggregate containing particles ranging from 0 to 3 in. instead of 
from No. 48 to % in. (Fig. 4 and 5). In other words, these tests 
were made with aggregate containing a normal amount of siliceous 
sand or silica-bearing Haydite particles in the active size range (0- 
No. 48 sieve) whereas in the other tests (Fig. 4 and 5) these were 
purposely omitted. Results when cement was used without the 
admixture of 0-No. 200 silica (A and B of Fig. 6) (the only fine silica 
present being the 0-No. 48 material introduced with the aggregate) 
are compared with results (C, Fig. 6) when the cement contained 40 
per cent by weight of 0-No. 200 silica. In this latter case the total 
silica present was that introduced with the cement plus that provided 
by the 0-No. 48 portion of the aggregate. In contrast are the tests 
(Fig. 4 and 5) with only the 40 per cent of 0-No. 200 silica introduced 
with the cement. 

Approximately the same strength was obtained with a given amount 
of cement alone per block with the 0 to 34-in. aggregate as with an 
equal amount of cement-silica mixture (60 per cent cement, 40 per 
cent 0-No. 200 silica) when used with No. 48 to 3¢-in. sand and gravel 
aggregate. (Compare Curve A, Fig. 6 with full-line curve, Fig. 4, A.) 

Comparison (Curve B with C of Fig. 6) shows that with the same 
0 to 34-in. Haydite aggregate somewhat higher strengths were obtained 
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with a given amount of cement alone than with the same quantity of 
cement-silica mixture. It appears possible that in one instance (Curve 
B) there was somewhat less silica and in the other (Curve C) somewhat 
more silica than the amount required by the cement for optimum 
strength. It is interesting to note that in the former tests (Curve B) 
somewhat higher strengths for a given amount of cement alone 
resulted than for the same amount of cement-silica mixture propor- 
tioned to contain approximately an optimum percentage of silica (A, 
Fig. 5). This is probably due to the presence of 0-No. 48 particles 
which served the double purpose of furnishing silica and building up 
a denser paste structure. 

It may be well to point out in this connection that although the 
absence of 0-No. 48 particles constitutes a deficiency in grading which 
can be expected to result in lower strength and cement efficiency the 
gradings of the No. 48-3¢-in. and the 0-34-in. materials were not as 
different as they may appear. The two gradings were precisely the 
same for each size range above the No. 28 sieve and contained the 
same percentage of material below the No. 28 sieve except that in 
one case the material consisted entirely of particles ranging from 
No. 48-No. 28 size instead of particles ranging from 0-No. 28 size as 
in the other case. Although the 0-34 in. grading is preferable the 
strengths with the No. 48-3 in. material were only slightly lower 
and the absence of the fine 0-No. 48 material in most of these tests 
did not appear to constitute an important deficiency in the mechanical 
influence of grading on block strength. 

Tests with Cinder Block. The block were made with two distinctly 
different types of cinders obtained by separating the same lot of power 
plant cinders ranging from dust to about 1-in. size on the 3-in. screen. 
One type, a light uncrushed porous cinders, comprised material 
passing the %¢-in. screen. The other type consisted of material 
crushed from the 3% to 1-in. clinker particles and produced a relatively 
heavy, dense cinder aggregate with a unit weight about 50 per cent 
higher than for the porous, uncrushed cinders. Blocks made with the 
porous cinders contained only 23 lb. of aggregate compared with 35 
lb. for the dense cinders. 

The strength of block made with the dense crushed cinders and a 
cement-silica mixture containing 40 per cent of 0-No. 200 silica was 
substantially higher than that of the more porous, uncrushed cinders 
(Fig. 7). Even with the porous cinders, strengths can be obtained 
with cement-silica mixtures (B, Fig. 7) which are nearly equivalent 
to those shown for Haydite block (A and B, Fig. 5 and B and C Fig. 6). 
It may be expected from the results obtained separately with the two 


62 JOURNAL OF THE AMERICAN CoNcRETE InstTITUTE—Proceedings 


types of cinders that a mixture of crushed and uncrushed cinders 
would give blocks intermediate in weight and having strengths sub- 
stantially higher than indicated (Curve B) for the porous cinders alone. 

Strength of Saturated Versus Air-Dry Block. Such data as are 
available indicate that the ratio of the compressive strength of steam- 
cured block in an air-dry condition to that of blocks in a saturated 
condition, is slightly higher than a similar ratio obtained in a large 
number of tests of moist-cured block. The strength of saturated 
steam-cured block averaged about 80 per cent for gravel and about 
88 per cent for Haydite of that of similar block tested air-dry. For 
moist-cured blocks the corresponding values were about 75 per cent 
for gravel and 86 per cent for Haydite. 


GENERAL COMMENTS ON VARIOUS FEATURES OF THE STUDY 


Lightness of Color. One of the outstanding effects of the steaming 
treatment is to bleach the normally gray color of the cement to an 
almost white color. As a consequence all the steam-cured block were 
markedly lighter than similar moist-cured block. 

Cracking. One of the important features of the tests was that no 
cracks occurred in any of the 8 x 8 x 16-in., 3-core block regardless of 
variations in the type of aggregate, mix, age at the start of steaming, 
or of the heating and cooling rate employed in the steaming cycle. 
All block gave a clear ringing sound when tapped with a hammer. 

In this connection it is important to point out that during the 
heating period the transfer of heat from the vapor and steam to the 
concrete is accomplished without introducing large temperature 
differentials in the concrete. This is because the saturated vapor and 
steam is brought into contact with all exterior and interior (core hole) 
surfaces of the hollow units. During the early part of the cooling 
period the temperature of the concrete tends to be equalized by the 
heat absorbed in converting some of the free moisture in the concrete 
from liquid to vapor as the vapor pressure of the surrounding steam 
is decreased. This action is enhanced by the hollow structure of the 
masonry unit and by the porous nature of the concrete. The latter 
part of the cooling period, when the units are withdrawn from the 
cylinder and exposed to the air, probably represents the most critical 
period from the standpoint of cracking and surface checking. At this 
stage, where a good portion of the free water has been removed from 
the concrete, further loss of moisture is accompanied by an increasing 
rate of shrinkage. Hence, the concrete has to withstand stresses set 
up both by moisture and temperature differentials. Although there 
appeared to be no cracking in either the face shells or webs, the rough 
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surface texture of the units made it impossible to determine with 
certainty whether or not the surface was crazed with very fine checks 
or cracks. 


Moisture Loss During Steaming. All steam-cured concrete had a 
lower moisture content after steaming than before. It appears that 
little, if any, moisture loss could occur during the heating period, as 
the concrete is in an atmosphere of saturated water vapor which is 
constantly condensing on the cooler concrete surfaces. Thus, heating 
of the concrete may actually be accompanied by an absorption rather 
than a loss of moisture. During the constant temperature and pressure 
period there is very little interchange of heat between the steam and 
the concrete, consequently the specimens will neither gain nor lose 
moisture. During the cooling period, however, the temperature of 
the concrete and of its contained moisture is higher than that of the 
surrounding steam or water vapor. Consequently the vapor pressure 
of the moisture in the concrete is higher than that of the steam, and 
with the tendency to attain equilibrium, moisture is lost by the speci- 
men. Upon removal from the cylinder there is still a difference 
between the vapor pressure of the moisture in the warm concrete and 
that of the vapor of the surrounding air and more moisture is lost 
until approximate equilibrium is attained. 


The tests showed that of the total moisture lost by the block from 
the freshly-molded to the ultimate room-dry condition after curing, 
about 3 in the case of the Haydite and porous cinder block, and +5 
in the case of the gravel and dense cinder block, was lost during the 
period in the cylinder. Large differences in the steaming cycle, cooling 
and pressure release periods did not appear to influence the extent of 
the moisture loss in the cylinder. 


Brittleness. Steam-cured blocks made with sand and gravel aggregate 
appeared to be as resistant to damage in handling as moist-cured 
blocks. They usually had sharp, strong edges and corners and the 
top surfaces did not show any excessive tendency to crumble. Steam- 
cured Haydite block, however, appeared to be somewhat more brittle 
and susceptible to crumbling at the corners, edges and top surfaces 
than good moist-cured block. This susceptibility to damage was even 
more pronounced with steam-cured cinder block. 

Lubrication of Pallets. The lubrication of the pallets with oil or 
grease was very unsatisfactory. These lubricants were absorbed by 
the hot concrete, discolored it, and failed to prevent bonding between 
the concrete and the pallets during steaming. A mixture of 1 part 
by weight of stearic acid and 21% parts of kerosene used by some manu- 
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factures of cast stone proved to be very satisfactory. This mixture 
had none of the disadvantages of the grease or oil. 


Precaution Against Discoloration. Possible discoloration of the 
block was prevented largely by the dripping of condensed water by 
a thin curved sheet of steel placed about 4 in. from the upper half of 
the cylinder to deflect the condensation. The malleable iron pallets 
did not appear to rust or discolor the block nor did dripping from the 
upper course of blocks appear to discolor those in the next lower 
course. The cumulative effect of the condensation from a series of 
vertical courses may, however, present a problem in the steam curing 
of high quality products in cylinder of commercial size, 6 or 8 ft. in 
diameter. 


“a 


For such discussion of this paper as may develop readers are 
referred to the Journat for March-April, 1936. Discussion should 
reach the Secretary by February 1, 1936. 


PLACING CONCRETE BY MBANS OF VIBRATION 


Introducing the Work of A. C. I. Committee 609, Vibration of Concrete 
ALFRED E. LINDAU, CHAIRMAN 


Epitor’s Note—Three papers presented here, by Brn MoreEELu, Sam 
Comess and T. C. Powsrs conclude the work presented by Mr. Linpav’s 
Committee at the 31st Annual Convention, New York, February 19-21, 
1935. Introductory remarks by the Committee’s Chairman and papers 
by C. M. Hatuaway, F. V. Reacet and W. R. JOHNSON were published 
in the March-April JourNAL. In the May-June JouRNAL (Proceedings 
Vol. 31) the series was continued with papers by M. O. WitHny, THOMAS 
E. Stanton, Jr., Lewis H. Turuiiy and F. H. Jackson. Discussion 
of the entire series 1s now open—closing February 1, 1936, with a view 
to publication in the March-April JouRNAL. Meanwhile Committee 609 
is working on a report involving tentative recommendations of practice in 
the use of vibration as a means of placing concrete. 
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CONCRETE VIBRATING PRACTICES IN FRANCE 


BY B. MOREELL* 


MEMBER AMERICAN CONCRETE INSTITUTE 


I wave been asked to say something about concrete vibrating 
equipment and practices in France. 


In general, the equipment now available is similar to the equipment 
in this country, with one exception. I refer to what they call ‘floating 
per-vibrators.” ‘‘Per-vibration” is a trade-marked term, the property 
of La Societe des Procédes Technique de Construction, a French com- 
pany. The term “Per-vibration” is meant to denote ‘internal vibra- 
tion’ by means of equipment manufactured by that company. The 
“floating vibrator” consists essentially of a heavy metal shell, inside 
of which is a vibrating element. The shell has a cone or wedge shape 
so that when the concrete surrounding the shell is reduced to a quasi- 
liquid state by the vibratory action, the bouyant force of the displaced 
concrete causes the vibrator to float to the surface. The vibrator is 
placed in the bottom of the form, concrete is dumped into the form, 
and the vibrating element is then started. The vibrator assumes a 
vertical position and works its way to the surface. The optimum 
rate of rise has been estimated to be 13 feet per hour. 


These “‘per-vibrators” are made in several types. One is designed 
for concrete piles, poles, and mass concrete; another especially for 
walls; a third is the familiar type of hand vibrator; still another, for 
floor slabs, consists of a pan of heavy sheet metal on which is mounted 
the vibrating element. I witnessed the operation of this vibrator on 
the 4-in. floor slab of a hospital building, and it seemed to be doing 
its work very satisfactorily, as did the one used for mass concrete. 


These vibrators are operated by compressed air. In 1932 and the 
early part of 1933, all of the vibrating equipment which I saw in 
operation in France was operated by air, but the company producing 
this equipment was then experimenting with electric drive. The 
equipment which I saw was not as rugged as our equipment and not 
as fast; the air motors delivered only 1800 blows per minute. I am 


¥Lieut.-Commander (when this paper was presented—now Commander) Bureau of Y 
Navy Dept., Washington, D. C. srdsend Dod 
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informed that since that time suitable electric vibrators have been 
produced and are now in satisfactory operation. 


Internal vibration is greatly favored over vibration of forms, but 
where the former is impracticable vibrating of the forms is practiced. 
I visited a job at Joinville, just outside of Paris where pneumatic 
vibrators were rigidly attached to the form of a sewer tunnel. They 
were boring through soft rock and placing a lining of slag cement 
concrete about 3 in. thick. The vibrator was apparently very effective. 

A platform vibrator is similar to the Jackson platform vibrator. A 
variation of this type is made by attaching metal spuds to the under 
side of the platform. The manufacturer claims that this apparatus has 
the advantages of both surface and internal vibrators. 

A somewhat unusual type of vibrator, designed for placing large 
areas of mass concrete, consists essentially of a platform of expanded 
metal, on top of which is mounted a frame-work of steel pipe which can 
be weighted, as required. Mounted on this frame-work is a pneu- 
matic vibrating element, or, in the larger sizes, several such elements. 
The expanded metal rests on the surface of the concrete and it is 
claimed that a very effective vibrating action is obtained by virtue of 
the interlocking of the elements of the expanded metal and the large 
aggregate particles. Another advantage claimed for this apparatus is 
that the surface is left rough and, therefore, in ideal condition for 
bonding to the subsequent layers of concrete. The weight and size 
of the apparatus can be varied to meet the needs of the job. Such 
apparatus has been made with a platform as large as 3 ft. 6 in. x 13 
ft. with eight vibrating elements. 

The use of vibratory equipment was becoming popular in France 
when I left there in the summer of 1933, but the economy of com- 
pacting by vibration in lieu of hand-tamping is not as marked in 
France as in this country because of their lower wage scale. 

It should be noted, also, that the Allied Machinery Co. is distribut- 
ing the vibrators of the Electric Tamper & Equipment Co., but it is 
difficult for this American company to compete, as most of the large 
work in France is under the control of the Government and equipment 
of French manufacture is favored. 

While some experimental studies of vibration have been made in 
France these have not been as extensive nor as numerous as American 
investigations. The conclusions reached from the investigations made 
so far are in close agreement with those arrived at in this country. 


(See Editor’s Note, page 65) 


PRACTICAL APPLICATIONS OF VIBRATION FoR 


PLACING CONCRETE* 
BY SAM COMESS} 


VIBRATION was first used in the Rock Island district in 1932, when 
Dam No. 15, Davenport Seawall and Sewer, on the Mississippi River, 
was in process of construction. Here the specifications required a 
six-sack mix, with maximum size of coarse aggregate 1)4 in. Crushed 
stone was used in the concrete for the dam and seawall. The sewer 
was built of gravel concrete. The use of vibrators was optional and 
was required only where, due to the conditions of the job, more satis- 
factory results could be obtained than by hand placement. Here the 
concrete in the sewer sections and in the inaccessible parts of the piers 
and abutments of the dam was placed with the aid of vibrators. The 
machines used were the electrically driven, flexible shaft, ‘‘sausage” 
type. This flexible shaft vibrator worked especially well in highly 
reinforced sections, thin walls and other restricted areas. 

To avoid further difficulty, if possible, with excessive temperature 
cracks, largely due to volume changes, specifications on future work 
were modified to provide a low-slump, low-cement content concrete 
to be placed by vibrators. 


In the last year, concrete construction has been practically com- 
pleted on seven locks and one dam. Of this total of eight projects, 
six used crushed stone as coarse aggregate and two used gravel. Ina 
brief, general way, experiences in the use of vibrators in placing con- 
crete in this district are described herein. 

The manner of vibrating treatment varies with the placing condi- 
tion and the type of concrete. It has been learned that no definite time 
of vibration, size of batch handled or thickness of horizontal layers 
placed can be set. It has also been learned that each concrete, due to 
its physical characteristics, requires a different vibration treatment, 
this being determined on the job under actual placing conditions. 


*Observations cited herein were of Mississippi River lock and dam projects, Rock Island Dist: 
under direction of the District Engineer, Lt. Col. R. A. Wheeler, Corps of Engineers.—AurTHor. ees 


+District Concrete Technician, Rock Island District, U. S. Corps of Engineers. 
(68) 


Sept.-Oct. 1935 Placing Concrete by Vibration 69 


As an illustration, let me compare two typical concretes used on 
the different jobs and manner of treatment that was necessary to get 
satisfactory results. In one of the concretes, due to the appreciable 
quantity of water gain or “bleeding” of free water, it was necessary 
first to maintain the total water of the mix at a minimum. Conse- 
quently, the mix was rendered harsh, and non-plastic. Secondly, to 
combat this excessive water gain and its probable effect on finished 
surfaces, the mass was placed in comparatively shallow layers of 8 in. 
to 12 in. and vibrated thoroughly by large vibrators. Following this 
treatment, smaller vibrators were employed, working very close to 
the form face without touching it. Free water after this treatment 
was taken care of by bailing. 


Compared to the above mentioned concrete is another crushed 
stone concrete of the same unit paste content, but more plastic, 
cohesive and workable. This concrete was placed in horizontal 
layers of 18 in. or more and molded in place by large vibrators. The 
length of time of vibration was not as great as that for the first des- 
cribed mix. This concrete was more easily molded into place and 
followed by light treatment with the smaller vibrator, satisfactory 
placing results were obtained. Reference to Table 1 offers comparative 
data on the different types of vibratory treatment used. 


On two jobs a gravel concrete with a maximum of 1)4-in. coarse 
aggregate was used. This gradation of coarse aggregates made it 
necessary to use an additional quarter sack of cement. Although 
different methods were employed in transporting the concrete on the 
two jobs, approximately the same vibration procedure was followed. 
The concrete was placed in approximately 12-in. layers thoroughly 
vibrated with the large (2-man) vibrators, supplemented by spading, 
giving satisfactory results. 


TABLE 1—COMPARATIVE RESULTS OF TREATMENT REQUIRED BY THE DIFFERENT CON- 
CRETES FOR SATISFACTORY RESULTS 


No. Coarse Aggregate Slump Vibration Treatment 

Type 1 White crushed limestone; 2-in. 34—1]4 in. Vibration with large vibrators followed 

maximum aggregate by spades, and treated with small 
vibrator working close to the face. 

Type 2 Gravel; 1144 in. maximum ag- 34—1 in. Vibration with large vibrators followed 
gregate by spading. 

Type 3 Brown crystalline limestone of 34 in. Vibration with large vibrators followed 
high absorption; 2-in. maxi- with vibration close to the face 
mum aggregate with lighter vibrators. 


Note—The cement content varies between the limits of 4.5 sacks—4.75 sacks per cubic yard. The 
frequency of vibration was rated at 3600 per minute. 


Bleeding of water out of the mass during placing was especially bad 
on several of our jobs but this condition was due mainly to the physical 


70 JouRNAL OF THE AMERICAN CONCRETE Instirute—Proceedings 


properties of the mix. When the mix was of this nature, puddles of 
water would form in the pockets made by the vibrator. Whenever 
this water gain condition was prevalent, the concrete crews would 
have a tendency to under-vibrate for fear of stirring up the mass too 
much. Hence, great care was exercised in attempting to keep the 
water gain at a minimum by controlling the mix and not affect the 
quantity of vibration necessary for proper placement. It is probable 
that vibration caused the “bleeding” to make its appearance at a 
more rapid rate. Whenever the mix was of a cohesive, plastic appear- 
ance, the vibrator had no tendency to cause ‘bleeding’ or water 
gain from the mass, within the length of the vibrating period used. 


As far as could be observed the so-called lighter vibrators (1-man) 
proved to be ineffective in handling the mass in the necessary time to 
avoid the piling up of concrete in the form. In every case, with the 
consistency of the mix used, the heavier and more rugged type of 
vibrator was necessary for thorough compaction of the mass. Any 
segregation was reconsolidated. In bucket placement, good vibration 
results were obtained by starting at the point of deposit with two heavy 
vibrators held in an inclined position and pulled forward over the 
batch. This operation handled the batch in sufficient time for con- 
tinuous placing. In the case of the pumpcrete method of placement, 
one heavy vibrator operating at the point fo deposit was found to be 
adequate for the settling of the mass. However, this was followed by 
further vibration treatment as found to be necessary. 


In every case, the lighter vibrators (1-man) or the flexible shaft type 
was used for the lighter work—such as vibrating close to the face, 
difficult placement around recesses—forms in which there was steel, 
or in conjunction with spading, or in places inaccessible to the heavier 
type of vibrator. 


To attempt to determine length of vibration, effective distance of 
the vibrator from the form face and benefits derived by supplementing 
vibration with spading, a job study was undertaken, using a form, 
part of one side of which was built of glass. From this study, of this 
particular crushed stone concrete (1)4-in. slump) it was found that 15-20 
seconds was adequate vibratory treatment in placing the mass, that 
the center of the vibrator should not be held further than 6 in. from 
the form face for effective surface treatment and that there was some 
benefit derived by supplementing vibration with spading. The size 
of form was 7 x 5 x 3 ft.; concrete placed by pump in 4 cu. yd. layers. 
The mix was 1:3.06:4.77 by weight, w/c .87 with 4.75 sacks per cu. yd. 
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In applying this practically on the job, vibration was judged com- 
pleted when the quantity of air bubbles emanating from the mass was 
reduced to a minimum—as can be judged by the naked eye. It was 
found that by properly training the vibrator men in the form, that the 
treatment and length of vibration accorded each batch or pile of con- 
crete in the form was of approximately the same kind and duration. 
What separation of mortar from the coarse aggregate there was, was 
distributed with shovels and vibrated back into the mass. 


As learned from this test, the vibrator is most effective in the dis- 
persion and liberating of air bubbles from the face when held as closely 
as possible to the form without touching it. This was substantiated 
on the job, when at the early stages of the concreting operations, the 
vibrators were held 12 in. or more away from the form face. Upon 
stripping of the forms, large air bubbles literally covered the surface. 
These bubbles were deep and elongated, and proved to be typical as 
to shape and size, of that obtained in the test. By vibration closer 
to the face, the bubbles apparently were dispersed or to a large extent 
liberated, for in future forms the size of the bubbles was appreciably 
reduced. In both cases, vibration was supplemented by spading. 


The benefits derived by spading after vibration depends largely on 
the consistency and plasticity of the concrete to be placed. Whenever 
the concrete is of stiff but plastic consistency, one that will work up 
readily by spading in conjunction with light vibration, there appears 
to be a decrease in the number and size of the air bubbles on the surface. 
In a concrete that is harsh-working, non-plastic, it is believed that 
no benefit is obtained by spading. In this case, it is believed that 
vigorous, systemized vibration close to the form face will give satis- 
factory results. At any rate, this proved to be the case in two instances, 
when the concrete was of a harsh, non-plastic nature. 


In my opinion, the number and severity of the air bubble condition 
on surfaces are increased as a result of the “dry,” consistency, lean 
mix, non-plastic concrete placed under vibration. However, wherever 
the mix was sufficiently plastic to allow thorough spading, the surfaces 
proved to be comparable to those placed by the hand-placing method. 


As a means of determining the effectiveness of vibration on concrete 
of the lean-mix, low-heat cement specification, concrete cores were 
drilled from each job. Each core was studied for distribution of 
aggregate, number and size of air pockets. Tests on compression, 
abrasion, absorption and freezing and thawing were also included in 
this study. It was interesting to note that when the mix was harsh, 
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non-plastic, and stiff (34 in. slump) as compared to another mix which 
was plastic, workable, and of approximately the same slump, there 
were a greater number of air pockets present. In both cases the speci- 
mens showed an even and homogeneous distribution of coarse aggre- 
gates. It appears that the influence of the same size of vibrator in 
these two mixes is not the same for equal radii. 


CONCLUSIONS 


From observations and experiences with a concrete produced under 
a specification radically different from a “bootable” hand placed 
concrete the following general conclusions are drawn. 


1. Each concrete produced under different local conditions requires 
some change in vibration treatments. ‘Fhe manner of this treatment 
depends largely upon the physical characteristics of the mix and 
method of placement. 


2. For concrete, using minimum cement content of 4.5 and 2-in. 
maximum aggregate, the heavier, more rugged type of vibrator is 
necessary. The larger units generally used on the jobs in this district 
weigh about 75 lb. and are handled by two men. 


3. The most effective ‘‘melting” of the batch is produced by placing 
the vibrator on the side of the batch near the base of the cone formed 
in placing. After the cone formed by the batch has been reduced the 
remainder of the batch is treated. 


4. Concrete that is cohesive and plastic in the form, where vibrat- 
ing is supplemented by spading, tends to minimize the air bubbles on 
the surface. It was learned that vibrating several feet in advance of 
the spading, followed by light vibration after spading gave satisfac- 
tory results. 


5. To avoid any chance of getting a concrete which gives off 
appreciable free water, a more rigid choice of concrete materials should 
be made. Water gain, or “bleeding” of free water, is a result of the 
physical characteristics of one or more of the individual materials of 
the mix and not a result of vibration. Vibration may produce this 
condition sooner. 


6. Vibrators should not be allowed to touch the form faces. The 
surfaces of the concrete have been considerably roughened by this 
practice and it has been detrimental to the life of the form. It has 
been learned that keeping the center of the vibrator approximately 
6 in. from the face will give effective results. 


——— 
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7. The consistency of the concrete as measured by the slump cone 
should not be less than 34 in. A slump less than 34 in. did not react 
very readily under the influence of the vibrators used. A field measure- 
ment as to the minimum slump was determined as the point in which 
the hole formed by the vibrator closed after the vibrator was with- 
drawn. Concrete which still retained the shape of the vibrator spud 
after being withdrawn was considered too stiff to be placed properly 
with the vibrators used. The range of slumps varied from 34 in. to 
2 in. depending on the type of concrete and job conditions. 


8. The length of time of vibration and vibrating treatment must 
be governed by the job. It is probable that vibration of higher fre- 
quency than 3600 per minute may be necessary for placing no-slump 
concrete, but whether it is practical, from the standpoint of job main- 
tenance or economy, would require study on the individual job. 


(See Editor’s Note, page 68) 


OBSERVATIONS ON THE USE OF VIBRATION IN THE FIELD 


BY T. C. POWERS* 


MEMBER AMERICAN CONCRETE INSTITUTE 


Durine 1934, following the laboratory studies previously reported, f 
the writer was privileged to observe the use of vibrators on several 
projects. On some, their use was eminently successful; on others 
there was much room for improvement. Whenever unsatisfactory 
results were being obtained, the causes were usually found among the 
following: 

1. Poor management of the placing crew. 

2. Improper methods of transporting concrete from the mixer to 
proper place in the forms. 

3. Unwise selection of size or number of vibrators. 

4. Vibrators operating below normal speed. 

5. Improperly designed mixes. 


MANAGEMENT AND METHODS 


The first two items are, of course, the common source of poor results 
when concreting by any method. There is not much to be said about 
these, for no amount of exhortation will produce foresight, good judg- 
ment, attention to details, and the ability to coordinate various opera- 
tions. When concrete is carried to the forms and deposited in such 
a manner that the whole operation degenerates to a helter-skelter 
game of tag between the concrete bucket and the placing crew, or 
when the vibrator men wander like aimless nomads from hillock to 
hillock of concrete, there is only one remedy—change the management. 

The thoughtful superintendent will not need to be reminded that 
the placing crew must work systematically, covering the whole area 
without a skip here and an over-vibration there; that the concrete must 
be deposited in such way as to make systematic work possible, and 
that each individual of the crew must work to produce a certain final 
appearance, rather than to “stay put” until some distant hummock 
lures him away, or until he receives orders to move. 

*Agsistant to the Director of Research, Portland Cement Association, Chicago. 


iV ipete Concrete, by T. C. Powers, Journat, AM. CONCRETE Inst., June 1933, Proceedings, V. 29, 
p. 373. 
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Neither will the wise superintendent try to make one vibrator do 
the work of two, nor use a 34 h. p. machine where three times this 
power is necessary. But in this latter respect errors are excusable for 
it is believed that few, if any, (certainly not the writer) have had 
enough experience with vibrators to be able always to predict the 
number and size of machines required for a given job. 

SIZE AND NUMBER OF VIBRATORS 

Once a job is under way, it should be possible to recognize a defi- 
ciency in either number or size of machines, although to do so it may 
be necessary first to investigate the suitability of the mix. This latter 
step is required because an efficient machine may be ineffective due 
to a mix too far outside the range suitable to the machine, i. e., either 
too plastic or too dry and harsh. In fact, it is the writer’s belief that 
until a better, more direct method can be devised, the efficiency of a 
machine can best be judged in terms of the type of mix that it can 
handle. 

On this basis, efficiency may be considered as being proportional to 
the amount by which the water content can be lowered below that of a 
mix suitable for placing by hand. Since the water content may be 
lowered either by using a drier consistency or a coarser gradation, the 
process of judging the vibrator becomes one of designing a mix in 
which gradation and consistency are combined in a way most suitable 
for the vibrator. 

DESIGNING MIXES 


To find mixes best suited to a given set of conditions the writer has 
employed successfully a method of designing in the field, using full 
size batches and the regular mixing and placing crew and equipment. 
The method follows the same general approach as that reported in 
the paper ‘Studies of Workability of Concrete.”* The “rule of con- 
stant water content” (to be given later) is employed in a systematic 
series of trial mixes. When working under specifications that require 
weighing equipment and other refinements of control, the results are 
more reliable than those obtained from laboratory tests, if proper 
precautions are taken. Indeed, it is almost impossible to design mixes 
for vibrators in the laboratory, for there is no way of telling (now, at 
least) how the size of the mass will affect the efficiency of the vibrator. 

To simplify the description, let it be assumed that only one grada- 
tion of sand and one of coarse aggregate is involved. Also, assume that 
the number of vibrators to use has been tentatively decided. The 
problem thus becomes one of choosing a proportion of fine to coarse, 


*Studies of Workability of Concrete, by T. C. Powers; JourRNAL AMERICAN CONCRETE INSTITUTE 
Feb., 1932 (Proc. V. 28, p. 419) 
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and a cement and water content which will meet the specifications and 
at the same time work the vibrators to capacity. 


The first step is to choose a mix, either on the basis of previous exper- 
ience, or preliminary laboratory tests. The mix should be such as to 
require a- water ratio slightly below that specified, and such as to 
appear somewhat oversanded; that is, one that has greater plasticity 
than is required by placing conditions. With this mix, the regular 
placing operation is started using the minimum amount of water 
which will permit placing at the required rate. It should be kept in 
mind that when working with full size equipment in the field, it is 
not feasible to maintain a constant water-cement ratio during a 
trial run. It is far more practicable to use water in the quantities 
necessary for the vibrators to handle the concrete at the desired rate. 


There should be available at this time accurate data as to the water 
carried into the batch on the surface of the aggregate or water absorbed 
from the batch if the aggregates are dry. With the above information, 
together with the amount of water added, and the weights of the other 
ingredients, the total quantity of water per cu. yd. of concrete is 
computed. 


The next step is a slight reduction in the percentage of sand with, 
of course, a compensating increase in the percentage of gravel. Ad- 
justments of consistency are again made by varying the added water 
until the minimum amount of water which will permit the vibrators 
to keep up with production is determined. It will be found that as 
the percentage of sand is reduced, the total quantity of water per 
cu. yd. may likewise be reduced. The quantity of cement in the batch 
is allowed to remain unchanged. 


This procedure is continued with successive small reductions in the 
percentage of sand until a point is reached where no further reductions 
in the water content are made possible by reductions in sand. At this 
point the mix will appear too harsh. To overcome the effect of this 
harshness and to permit placing the concrete at the required rate, 
extra water, i. e., a wetter consistency will be required. This need for 
an increase in the water is definite evidence that less than the proper 
quantity of sand is being used. Having determined this absolute 
minimum in sand percentage, the next step is to hold the total water 
constant and increase the percentage of sand up to the maximum 
which can be used with this minimum quantity of water. 

At this point, if the composition of the mix is checked, it will probably 
be found that the water-cement ratio is not the same as that specified. 
Compensation for this is made extremely simple by what may be 
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called the rule of constant water content as stated by Prof. Inge Lyse.* 
It has been found that in a given series of mixes of the same consis- 
tency and using the same aggregate combination, the total amount of 
water per cu. yd. of concrete remains substantially constant regardless 
of the variation in cement content. This general statement will not 
apply to changes in cement content over the full range of practical 
mixes, but it will apply very closely within the range involved in the 
process under discussion. 

During the above operation the technician should make the neces- 
sary slide rule calculations of the composition of the several trial 
mixes. By these he will know at this time the minimum quantity of 
water which can be used—let us say that it is 30 gal. per cu. yd. If 
the specified water-cement ratio is 6.0 gal. per sack, he will know also 
that the cement content must be 30 gal. per cu. yd. divided by 6 gal. 
per sack or 5.0 sacks of cement per cu. yd. If the actual cement 
content in the final mix of the trial series is other than 5, the water- 
cement ratio is wrong and hence the cement content must be changed 
so as to give the correct value. 


To illustrate this correction, suppose that the actual cement content 
was found to be 5.5 sacks per cu. yd., instead of 5.0; this would give a 
water-cement ratio of 5.45 gal. per sack. Obviously, the cement con- 
tent must be reduced .50 sacks per cu. yd. to obtain full advantage of 
the specified water-cement ratio. It is necessary to compensate for 
the decrease in cement content by an increase of an equal absolute 
volume in one of the other ingredients, in order to preserve constant 
consistency. Since the water content must remain constant, the 
increase must be made in either the fine or coarse aggregate. Know- 
ing that the percentage of sand should usually increase with a decrease 
in cement content, it is logical to make the compensating change in 
volume by increasing the quantity of sand. 

This completes the process of designing when only two sizes of 
aggregates are involved. It is important to note that at no point in 
this process is it necessary to interrupt or slow down the regular 
process of placing. It is necessary, however, to take certain precau- 
tions if good results are to be obtained. For example, it is almost 
impossible to design mixes by this method if the moisture contents 
of the aggregates are subject to frequent variations. If the consistency 
changes continually from batch to batch because of variations in the 
moisture content in the sand, it is extremely difficult to determine 
either the amount of added water required for the necessary consis- 
tency or the total amount of water included in the batch. Difficulties 


*Research Associate Professor of Engineering Materials, Lehigh University. 
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of this kind can usually be circumvented by an investigation and cor- 
rection of the source of the consistency variation. 

During the trial run the technician should be posted at the forms 
where he can observe all of the successive mixes. He must be in 
close communication with the mixing plant, however, either by means 
of telephone or messenger So that changes in water or proportions can 
be made according to his instructions without delay. 

It is considered outside the scope of this paper to discuss the matter 
of the individual gradations of the fine and coarse aggregates. As 
far as the coarse aggregate is concerned it is enough to say here that 
by varying its grading in a systematic manner, and treating each 
variation just as described above, the best gradation or gradations, or 
the maximum or minimum amount of some particular size that can 
be economically used, can easily be determined. 

The gradation of sand is usually less subject to manipulation. But 
often, even with what appears to be the optimum percentage, excessive 
“bleeding” of free water occurs during or following vibration. In this 
case it is necessary to supply additional material finer than the No. 48 
and 100 sieves. 

INTERPRETING RESULTS 


The process described should result in a mix which can with con- 
fidence be defended as the most suitable one that can be produced from 
the given materials. If it is found that there is no substantial differ- 
ence between this mix and one suitable for hand placing, either there 
are too few vibrators or the vibrators are too small and underpowered. 
The chances are that the observer will have decided which is the case 
before the trials are finished. If, for example, the vibrators do not 
visibly affect the concrete over a radius of at least 18 in. around the 
point of application, or if one or more vibrators will not set most or all 
of a batch into a state of lively vibration, the vibrators are too small. 

Two underpowered vibrators will not do the work of one that is 
adequately powered. It appears that some minimum impulse is 
necessary to set a given mass in vibration, and that impulses less than 
this minimum are only partially additive. If vibrators are obviously 
effective but are needed in two or more places at the same time, there 
are not enough of them. 

In either case, it is necessary to stop short of the full possibilities of 
the type of vibrator employed. To employ more, sufficiently large 
machines will, under these conditions, permit the use of less water, 
either through use of a drier consistency, less sand, or both. How far 
to go in this direction will, of course, depend on circumstances peculiar 
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to the job, but if the problem is approached in a systematic manner 
such as is described above, final decision should not be difficult. 

This paper obviously contributes nothing fundamental toward the 
solution of the problem of successfully applying vibration to concrete. 
At best it can only suggest a purely empirical or practical approach. 
Until the mechanics of vibration are quantitatively solved in terms of 


the properties of the mix, there seems to be no other basis upon which: 
to work. 


In reference to discussion of this and two preceding papers see 
- editor’s note, page 65. 


PROPERTIES OF MorTARS AND CONCRETES CONTAINING 


PoRTLAND-PUZZOLAN CEMENTS* 


BY RAYMOND E. DAVIS, J. W. KELLY, G. E. TROXELL, 


AND HARMER EB. DAVIST 
MEMBERS AMERICAN CONCRETE INSTITUTE 


SUMMARY 


Tuis PAPER presents results of a cooperative investigation of 
portland-puzzolan cements to determine the effect of chemical compo- 
sition, physical character, and proportion of puzzolan upon the 
strength, volume change, resistance to the action of sodium sulfate, 
and other properties of mortars and concretes. 

Comparing portland-puzzolan cements as a group with portland 
cements as a group, the former are more grindable; produce more 
plastic concretes exhibiting less water gain; generate less heat of 
hydration; and produce more impermeable concrete; but require 
more water to produce mortars and concretes of a given consistency, 
and exhibit greater shrinkage of mortar upon drying. 

It has been found that there is a fair correlation between the activ- 
ity of a puzzolan (as determined by the compressive strength of puzzo- 
lan-lime-sand mortar) and the compressive strength at the later ages 
of mortar containing the corresponding portland-puzzolan cement. In 
general, for rich mixes the compressive strength of concrete is less 
for portland-puzzolan cements than for the corresponding portland 
cements; but for the leaner mixes and active puzzolans the compressive 
strength of concrete at the later ages is greater for portland-puzzolan 
cements than for the corresponding portland cements. 

Portland-puzzolan cements containing the active puzzolans high 
in silica exhibit materially greater resistance to the action of sodium 
sulfate than the corresponding portland cements; and the larger the 
percentage of puzzolan the greater the resistance. 

In all of the cases investigated, the calcination of a puzzolan reduces 
the shrinkage upon drying of mortar containing the corresponding 


*Progress report presented at the 31st Annual Convention, American Concrete Institute, New York, 
February 19-21, 1935. As here revised to include 1-year tests, received by the Institute Secretary, 
September 19, 1935. 

+The authors, all of the University of California, are respectively: Professor of Civil Engineering; 
Research Engineer, Engineering Materials Laboratory; Associate Professor of Civil Engineering; and 
Instructor in Civil Engineering. ‘ 
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portland-puzzolan cement. In some cases, calcination of the puzzolan 
increases the strength and sulfate resistance for the corresponding 
portland-puzzolan cement, but in other cases the reverse is true. 

Considering the various groups of natural puzzolans, those of 
diatomaceous origin are the most active, followed in order by the 
voleanic silicas, clays, and siliceous rocks. 

Limestone dust used as a blending material in a portland cement 
increases the resistance to sulfate action and produces mortars and 
concretes of moderately high strength. Portland-puzzolan cements 
containing limestone dust exhibit lower shrinkage of mortar in air 
than do any of the portland-puzzolan cements except the one con- 
taining pulverized Ottawa sand. 

Considering the various properties of concretes investigated, it 
appears that the optimum amount of puzzolan which may be employed 
in the manufacture of a portland-puzzolan cement may lie between 
10 and 30 per cent, depending upon the type of puzzolan, the compo- 
sition of the portland-cement clinker, and the conditions under which 
the cement is to be used. 

Of the four types of portland-cement clinker investigated, portland- 
puzzolan cements manufactured from the clinker of high lime content 
appear to give most favorable results so far as strength and volume- 
constancy are concerned. 

These investigations make it appear that portland-puzzolan cements 
of proper composition are suitable for hydraulic structures, mass con- 
crete, and structures subjected to the action of aggressive waters. 
They are suitable for general concrete construction where extreme 
drying conditions are not encountered; but, because of their relatively 
high shrinkage, portland-puzzolan cements containing a large per- 
centage of puzzolan are unsuitable for rich mixes in thin sections 
subjected to prolonged drying. 

As compared with the corresponding portland cements, the rela- 
tively high workability, impermeability, and strength of portland- 
puzzolan cements in the leaner mixes make these cements particularly 
suitable for coneretes in which strength is not a primary requirement. 
In such cases, there appears the possible economic advantage of using 
less portland-puzzolan cement than would be required to secure the 
same results if a portland cement were employed. 


INTRODUCTION 


The general term ‘“‘puzzolan” applies strictly to a siliceous material 
which in itself has no cementing value but which exhibits cementitious 
properties when mixed with hydrated lime. In this paper, however, 
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the term is used to designate all materials investigated for puzzolanic 
activity, whether they be active or inert. The portland-puzzolan 
cements described herein were manufactured by intergrinding port- 
land cements and puzzolans.. For definitions, historical information, 
and a brief bibliography relating to high-silica cements and puzzolans 
in general, reference is made to a previous Institute paper.! 


Scope and Purpose 


Tests were made on 18 types of puzzolan (including the inert ma- 
terials) and 4 types of portland-cement clinker, comprising in all 88 
cements. The effects of the following factors were investigated: 


Chemical composition of portland-cement clinker 

Chemical composition of puzzolan 

Physical character of puzzolan (solid-grained vs. diatomaceous, etc.) 
Calcination of puzzolan 

Proportion of puzzolan in cement 

Fineness of portland-puzzolan cement 

Specific gravity 

Age at test 


PR mo Bo oe 


The foregoing factors were investigated in relation to their effect 
upon the following properties: 


A. Grindability of cement 
Water requirement for fixed consistency of neat paste, mortar, and concrete 
Time of setting of cement 
Soundness of cement 
Tensile and compressive strength of mortar 
Compressive strength of concrete 
Elasticity of concrete 
Unit weight of concrete 
Absorption of concrete 
Heat of hydration of cement; strength-heat ratio 
Volume changes of mortar 
Resistance of concrete to action of freezing and thawing 
. Resistance of neat paste, mortar, and concrete to action of sulfate waters 


Ze Romo UO 


The program was designed to develop information relative to (1) 
a reliable method of test to determine the suitability of various types 
of puzzolan, (2) the optimum percentage of puzzolan, (3) the optimum 
chemical composition or type of portland-cement clinker, and (4) 
the optimum degree of fineness, considering costs in relation to the 
properties of the concretes. The aim of the investigation was to 
provide information which might be used as a guide in the preparation 
of specifications for cements of this type and for the use of such 
cements in concrete construction. 

1Properties of Mortars and Concretes Containing High-silica Cements, by Raymond E. Davis, 


R. W. Carlson, J. W. Kelly, and G. E. Troxell, Journat, Amer. Concrete Inst., Vol. 
1934 (Proceedings, Vol. 30), pp. 369-338. Cpe Ob Oder eo 
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Cooperating Agencies 
The tests were conducted in the following laboratories: 

California Portland Cement Co., W. C. Hanna, Chief Chemist. 

Engineering Materials Laboratory, University of California, Raymond E. Davis, 
Director. 

Metropolitan Water District of Southern California, Lewis H. Tuthill, Testing 
Engineer. 

Santa Cruz Portland Cement Co., R. A. Kinzie, Jr., Chemist. 

Southwestern Portland Cement Co., R. M. Willson, Chief Chemist. 

Grateful acknowledgment is made to Messrs. Hanna, Tuthill, 
Kinzie, and Willson and to Professor R. W. Carlson for their valuable 
counsel and services in connection with the investigation. Credit is 
also due to the following members of the staff of the Engineering 
Materials Laboratory: 8S. B. Biddle, Jr., E. H. Brown, Alexander 
Klein, and C. M. Price. 

The United States Bureau of Reclamation and other organizations 
furnished materials for test. 

MATERIALS, APPARATUS, AND METHODS OF TESTING 
Materials 
The puzzolans and related materials included the following: 
Diatomaceous Silicas 
Diatomaceous earth (raw, calcined) 
Oil-impregnated diatomaceous earth (calcined) 
Diatomaceous shale (raw, calcined) 
Volcanic Silicas 
Fresno pumicite (raw, calcined) 
Tuff (raw, calcined) 
Italian pozzuolana of Bacoli (raw) 
Basaltic tuff (raw, calcined) 
Siliceous Rocks 
Granite from Arrowrock Dam site (raw, calcined) 
Granite C (raw) 
Ottawa sand (raw) 
Waste asbestos rock (raw) 
Quartzite (raw, calcined) 
Clays 
Clay A (raw, calcined) 
Clays B, C, and D (calcined) 
Limestones 
Limestone dusts A and B (raw) 
The portland-cement clinkers were as follows: 


Compound Composition, Per Cent 


Sues Tricalcium Dicalcium Tricalcium Tetracalcium 
Silicate Silicate Aluminate Alumino-ferrite 
High-lime 59 22 11 6 
ium-li 49 32 11 6 
Medium-lime He a . 


Low-lime 3h 
Low-lime, low-alumina 41 34 8 14 
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Blending and Grinding 

In the portland-puzzolan cements the percentage of cement replacement (by 
weight) ranged from 10 to 45. The clinkers and puzzolans were interground with 
an amount of calcined gypsum computed from the equation: 

% SO; = 0.0075 x (100 + % portland-cement clinker in blend) 

The SO; content computed on this basis was 1.1 to 1.5 per cent of the total cement. 
All cements were ground for 63 min. in a batch ball mill of inside diameter 30 in. 
and inside length 36 in., operated at 32 r.p.m. The ball charge was 750 lb. of 1)4-in. 
forged steel balls, and the usual charge of material was approximately 80 lb. Prior 
to grinding, all materials not already passing the No. 8 sieve were crushed to that 
fineness. 

For the portland cements, under the given conditions of grinding the percentage 
passing the No. 200 sieve ranged from 88 per cent for the low-lime cement to 97 per 
cent for the medium-lime cement. 


“ 


Tesis on Cements, Mortars, and Concretes 


Following are brief descriptions of the tests for which results are reported herein. 

Fineness. The fineness of each cement was determined in terms of the percentage 
passing the No. 200 sieve (both by dry and by wet sieving), percentage passing the 
No. 325 sieve (by wet sieving), percentage finer than 10 and 40 microns (by air 
separation), and the specific surface (surface area in square centimeters per gram 
of cement). The specific surface of the puzzolans and of the portland-puzzolan 
cements was determined by a sedimentation method employing a hydrometer. A 
measure of the specific surface of portland-puzzolan cements was also obtained by 
means of the Klein turbidimeter! and the hydrometer, employing a method made 
necessary by the fact that the portland-cement and the puzzolanic components of 
the portland-puzzolan cement differ in opacity, density, etc. The assumption was 
made that the puzzolanic component of the portland-puzzolan cement is ground to 
the same fineness as if puzzolan were ground separately for the same length of time. 

The values of specific surface reported herein are those determined by hydrometer, 
computed under the assumptions usually associated with the Riverside microneter 
and the Klein turbidimeter. 

As in this investigation all cements were ground for the same length of time, the 
more grindable the cement the greater the fineness; this effect is reflected in the tests 
for strength, volume changes, sulfate resistance, etc. 

Chemical and Physical Properties. Complete chemical analysis was made of all 
puzzolans and portland cement clinkers; and for the portland-puzzolan cements 
there was determined the SO; content, loss on ignition, and insoluble residue. The 
normal consistency, time of setting, soundness, and specific gravity were determined. 
All of the cements are sound and are within the standard permissible limits for time 
of setting. 

Activity. The activity of the various puzzolans, or their ability to combine with 
lime, was determined by compression tests at 7 and 28 days on puzzolan-lime-sand 
mortar containing 2 parts by weight of puzzolan, 1 part of hydrated lime, and 9 parts 
of 0 to No. 4 Boulder Dam sand; mortar flow 150 per cent; curing in sealed containers 
at 70° F. for 12 hr., then at 100° F. for 12 hr., then at 130° F. until 12 hr. before 
testing, and then at 70° F. 

Water Requirement for Fixed Consistency. ‘The relative water requirement of the 
various cements in neat pastes and concretes was determined by means of trial 


1A Suspension Turbidimeter for Determination of Specific Surface of Granular Materials,” by 
Alexander Klein, Proc., A. S. T. M. 1934, Vol. 34, II, pp. 303-321. 
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batches in which a fixed consistency was obtained, as follows: 

1. Normal consistency of neat-cement paste (A. S. T. M. standard method). 

2. 140-per cent flow of 1:5.6 concrete containing 0 to 34-in. Niles gravel aggregate, 

using fifteen 14-in. drops of a 24-in. flow table. 

3. 2%-in. flow of 1:5.65 concrete containing 0 to 34-in. San Gabriel gravel aggre- 

gate, using a dry 6-in. Burmister flow trough.! 

Heat of Hydration. For selected cements, the rate and total amount of heat of 
hydration up to the age of 28 days was determined by observations of temperature 
difference, employing neat-cement specimens in a Carlson vane calorimeter.? The 
vane calorimeter is a calibrated device by means of which the rate of heat generation 
of the hydrating cement is determined as a function of the temperature differential 
between the specimen and a surrounding surface which is maintained at constant 
temperature. The specimen and surface are separated by radial metal vanes. The 
temperature difference is observed by means of electrical resistance thermometers 
and a ratio bridge. _The heat of hydration is expressed in calories per gram of cement. 

For all cements, determinations were made of the heat of immediate hydration, or 
the heat generated during the first 3 minutes after the cement is wetted by an equal 
weight of water at 70° F. 

Strength. For the various cements, the strength of mortars and concretes was 
determined by means of tests at various ages up to 1 year, as follows: 

1. Tension tests of standard briquets containing standard mortar; standard 
curing and (in some cases) standard curing for 28 days, followed by storage in air of 
laboratory. 

2. Compression tests of 2 by 4-in. mortar cylinders containing (a) standard mortar, 
(b) 1:3 mortar containing San Gabriel sand and having a fixed consistency ; standard 
curing and (in some cases) standard curing for 28 days, followed by storage in air of 
laboratory. 

3. Compression tests of 3 by 6-in. concrete cylinders containing 0 to 34-in. Niles 
gravel aggregate; cement-aggregate ratio 1:5.6 by weight (1.5 bbl. of cement per 
cu. yd. of concrete); 140- per cent flow; standard curing. 

In connection with the strength tests described in (3), at the age of 1 year the 
modulus of elasticity, unit weight, and absorption of concrete were determined for 
all cements. 

Volume Changes. For all cements, the expansion of mortar under continued moist 
storage for 28 days at 70° F. was determined by strain-gage measurements on 114 by 
114 by 12-in. mortar bars containing Niles sand; cement-aggregate ratio 1:3.25 by 
weight; water-cement ratio same as for concrete in (3) under “Strength.” For 
selected cements, the expansion under continued moist storage was determined at 
ages up to | year. 

For all cements, the specimens, which were standard-cured for 28 days, were em- 
ployed to determine the contraction of mortar in air of relative humidity 50 per cent 
at 70° F., beginning at the age of 28 days. 

For selected cements, the coefficient of thermal expansion of mortar was deter- 
mined at ages of 28 days or greater, by observing the length of 114 by 14 by 12-in. 
bars at 130° F. and then reducing the temperature of the bars to 70° F. within 8 hr. 
and again observing the length. 

For selected cements, the expansion of mortar under continued moist storage was 
determined by strain-gage measurements on 2 by 2 by 18-in. bars of 1:4 mortar con- 


‘The Concrete Flow Trough,” by Donald M. Burmister, Proc., A. S. T. M. 1931, Vol. 31, II, pp. 


554-575. 
2“The Vane Calorimeter,” by R. W. Carlson, Proc., A. Sg. T. M. 1934, Vol. 34, II, pp. 322-328. 
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taining standard Ottawa sand; water-cement ratio 0.73 by weight. 

Resistance to Sulfate Waters. The relative resistance of the various cements to the 
action of sulfate waters was determined by means of the following tests: 

1. Immersion of 3 by 2 by 4in. neat-cement slabs of water-cement ratio 0.43 
by weight in a 10-per cent solution of sodium sulfate, after a 3-day preliminary 
moist-curing period at 70° F.; specimens inspected daily. 

2. Immersion of standard-mortar briquets, after breaking at the age of 28 days in 
the tension test, in 2 and 10-per cent solutions of sodium sulfate; specimens inspected 
and weighed at intervals. 

3. Immersion of 2 by 2 by 18-in. bars of 1:4 mortar containing standard Ottawa 
sand (W/C = 0.73 by weight) in a 10-per cent solution of sodium sulfate, after 3 
days of preliminary moist curing at 70° F.; length observed at intervals. 

4. Immersion of 3 by 6-in. concrete cylinders containing 0 to 34-in. San Gabriel 
gravel (cement-aggregate ratio 1:5.65 by weight, 214-in. flow in Burmister trough) 
in 1 and 10-per cent solutions of sodium sulfate at 70° F.; also partial immersion of 
identical specimens outdoors in 1-per cent solution of sodium sulfate; compression 
test at the age of 7 months; corresponding specimens stored in water under the same 
conditions of temperature and exposure and tested in compression at the age of 7 
months. 

Resistance to Freezing and Thawing. The resistance of mortars containing selected 
cements to the disintegrating action of freezing and thawing was determined by 
tests on 2 by 4-in. cylinders of 1:3 mortar containing San Gabriel sand and having a 
water-cement ratio as required to produce a fixed consistency. The specimens were 
standard-cured for 28 days and then (while continuously saturated) were subjected 
to 100 alternations of freezing and of thawing at 160° F. The number of cycles 
(100 or less) was observed at which the specimens attained respectively 2, 25, 50 
and 100 per cent of disintegration; and twice the total number of these eycles at all 
stages was taken as the index of resistance, higher values indicating higher resistance. = 
The percentage of disintegration was determined as the reduction in length of the 
cylinder. 


TEST RESULTS 


The complete test results are too voluminous to be reported herein; hence in general 
values are given for representative portland-puzzolan cements, for selected tests to 
determine the various properties, and for selected ages of testing. The discussion 
applies only under the particular conditions of this investigation with regard to 
fineness of cement, richness of mix, water-cement ratio, curing temperature, and age 
at test. In particular, it should be kept in mind (1) that all proportions of materials 
(including water) are by weight, (2) that all cements are ground for an equal period 
of time and are therefore not of equal fineness, and (3) that in general the water- 
cement ratios are those which result in fixed consistency of paste, mortar, or concrete 
and are therefore not the same for the various cements. 

In addition to the comparisons of portland-puzzolan cements with one another, 
generally comparison is made with (1) the portland cement used in the blend, and 
(2) a portland cement of a type comparable to that of the portland-puzzolan cements. 
For example, for mass concrete construction either a portland-puzzolan cement (high- 
lime clinker) or a low-lime portland cement might be used; and these two cements are 
in this case more nearly comparable than are a portland-puzzolan cement (high-lime 
clinker) and a high-lime portland cement. 


*If any of the four degrees of disintegration was not attained within the 100 cycles, a value of 100 
was assigned; thus the maximum possible index was 800. 
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Chemical and Physical Properties of Puzzolans 

In Table 1 is shown the chemical analysis of the puzzolans. The percentage of 
silica ranges from 7 to 100; excluding two extremely low values (for the limestones) 
and one extremely high value (for Ottawa sand) the percentage of silica ranges from 
43 to 82. Except for basaltic tuff, which when calcined has an iron-oxide content of 
17 per cent, the percentage of iron oxide ranges from 0 to 7. The percentage of 
alumina ranges from 0 to 22. Excluding the limestones, the percentage of calcium 
oxide ranges from 0 to 16. Except for waste asbestos rock, which has a magnesia 
content of 15 per cent, the percentage-of magnesia ranges from 0 to 5. In Table 2 
are shown the average percentages of the principal oxides in 17 of the puzzolans, by 
groups. 

TABLE 2—PRINCIPAL OXIDES IN PUZZOLANS, BY GROUPS 


Puzzolan SiOz Fe203 AleOz CaO MgO 
Diatomaceous silicas Th 4.0 12360 125 ie 
Volcanic silicas 63.9 One 15.5 3.2 16 
Siliceous rocks Vw) 3.4 Saabs 1.8 4.5 
Clays 60.4 Dieta 18.3 6.3 2.3 
Limestones 9.6 Te2 Bioul! 46.5 201 


The specific gravity of the various puzzolans is shown in Table 1. The specific 
gravity ranges from 2.24 to 2.76, as compared with 3.16 for a normal portland cement. 
By groups, the specific gravity is highest for limestones, followed in order by clays, 
siliceous rocks, volcanic silicas, and diatomaceous silicas. 

Grindability of Puzzolans 

Although puzzolans are normally interground with portland-cement clinker to 
form portland-puzzolan cements, the grindability of the separate puzzolans is of 
interest. The puzzolans employed in the activity tests reported herein were ground 
for equal periods of time and were of the fineness indicated in Table 1. By groups, 
the highest specific surface is that for diatomaceous silicas, followed in order by 
limestones, clays, voleanic silicas, and siliceous rocks. 


Activity of Puzzolans 

As an indication of puzzolanic activity, or the ability of the various puzzolans to 
combine with lime, compression tests were made at ages of 7 and 28 days on 2 by 
4-in. cylinders of 2:1:9 puzzolan-lime-sand mortar cured in sealed containers at 
70° F. for 12 hr., then at 100° F. for 12 hr., and then at 130° F. until 12 hr. prior to 
the time of test. The results of the tests are given in Table 1. The diatomaceous 
silicas are most active; the volcanic silicas and clays also show marked activity. The 
siliceous rocks are relatively inactive. As might be expected, the limestone dusts 
show no activity in this test. 

It has been observed that there is a fair degree of correlation between the results 
of the activity test on puzzolans and the results of compression tests on standard 
mortars containing the corresponding portland-puzzolan cements (20 per cent 
puzzolan, 80 per cent portland cement). The values in Table 3 afford a comparison 
between the observed compressive strengths of standard mortars at the age of 3 
months and compressive strengths computed as follows: To 80 per cent of the 3- 
month compressive strength of standard mortar containing the high-lime portland 
cement is added the 28-day compressive strength of the puzzolan-lime-sand mortar. * 

With two or three exceptions, in Table 3 the differences between the observed 
and computed strengths are not large, indicating that in general the activity of a 


*Roughly, the 28 days of curing at 70-100-130°F. employed in the activity tests is estimated to be 
the equivalent of 3 months or more of standard curing. 
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puzzolan (as measured by the compression test. on puzzolan-lime-sand mortar) is an 
index to the mortar strength exhibited by the corresponding portland-puzzolan 
cement. 


TABLE 3—COMPARISON OF COMPRESSIVE STRENGTHS OF STANDARD MORTAR CONTAIN- 
ING PORTLAND-PUZZOLAN CEMENTS WITH STRENGTHS COMPUTED FROM RESULTS 
OF ACTIVITY TEST 


Compressive Strength of Standard 
Compressive Mortar Containing 
Strength of Portland-puzzolan Cement 
Group Puzzolan Puzzolan-lime- (At Age of 3 Months) p. s. 1.4 
sand Mortar at 
28 Days, p. s. i. |Computed’| Observed | Difference 

, Diatomaceous earth, calcined 1420 54 = 
Diatomaceous Oil-impregnated diatomaceous Esa ae a 
Silicas earth, calcined 1530 5510 6000 — 490 
Diatomaceous shale, calcined 1520 5500 5780 — 280 
é Pumicite, calcined 600 4580 4820 — 240 
Volcanic Pumicite, raw 780 4760 4800 — 40 
Silicas Tuff, calcined 680 4660 4970 — 310 
Italian pozzuolana, raw 830 4810 4760 + 650 
Basaltic tuff, calcined 1870 5850 4500 +1350 
2 Granite (Arrowrock Dam), raw 200 4180 3900 + 280 
Siliceous Granite C, raw 80 4060 3820 + 240 
Rocks Ottawa sand, raw 120 4100 3770 + 330 
Waste asbestos rock, raw 440 4420 5850 —1430 
Clay A, calcined 1120 5100 4810 + 290 
Clay A, raw, 740 4720 4550 + 170 
Clays Clay B, calcined 470 4450 4400 + 50 
Clay C, calcined 1560 5540 4810 + 730 
Clay D, calcined 580 4560 4260 + 300 
Limestones Limestone A, raw 0 3980 4360 — 380 
Limestone B, raw 50 4030 4290 — 260 


«Portland-puzzolan cements contain 20 per cent by weight of puzzolan, blended with 80 per cent 
of high-lime clinker. : 
b28-day compressive strength in activity test plus 80 per cent of 3-month compressive strength of 


standard mortar containing high-lime portland cement. 


Effect of Type of Puzzolan 

In Table 4 is shown the general effect of type of puzzolan upon grindability, 
strength, sulfate resistance, and volume change of portland-puzzolan cements. 
The values are computed from the data of Tables 9, 13, 17, and 18, and are expressed 
as percentages of the corresponding value for the high-lime portland cement with 
which the puzzolans are blended. It should be kept in mind that the comparisons 
apply only for the fixed percentage of puzzolan (20 per cent), which for some of the 
puzzolans is not the optimum percentage. 

In general, the diatomaceous silicas (the most active puzzolans) exhibit the highest 
degree of grindability, strength, and resistance to sodium sulfate; but this group also 
exhibits large contraction of mortar upon drying. The volcanic silicas and clays, 
which are intermediate with respect to activity, are also intermediate with respect 
to the properties shown in Table 4. The limestones (of zero activity) show excellent 
volume constancy and fairly high resistance to sodium sulfate, but low grindability 
and strength. With the exception of waste asbestos rock, the relatively inactive 
siliceous rocks show low mortar contraction but also low grindability, strength, and 
resistance to sodium sulfate. 

Effect of Calcination of Puzzolan at 1450° F. 

In Table 1 are given all available values of compressive strength of puzzolan- 
lime-sand mortars for both raw and calcined puzzolans. In Table 5 are shown the 
same data, with the compressive strengths for the calcined puzzolans expressed as 
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TABLE 4—EFFECT OF TYPE OF PUZZOLAN UPON PROPERTIES OF 
PORTLAND-PUZZOLAN CEMENTS 
Percentage of Value for High-lime Portland Cement 
Compr. Index of Contrac- 
Group Puzzolan¢e Specific | Tens. Str. Str. of Resistance tion of 
Surfaces] of Std. | Std.-cured of Neat Mortar in 
Mortar Concrete Slabs in Air 
at 3 Mo.@ lat 1 Yr.%, 2|10%NasSOu2| at 1 Yr.® 
Diat. earth, calcined 110 131 83 610 149 
Diatomaceous] Oil-impregnated diat. earth, 
Silicas calcined 110 124 97 606 131 
Diat. shale, calcined 113 129 80 606 156 
Pumicite, calcined inf 121 103 198 118 
Volcanic Tuff, calcined 104 113 89 491 123 
Silicas Italian pozzuolana, raw 111 119 86 121 133 
Basaltic tuff, calcined 93 106 81 89 119 
Granite (Arrowrock Dam), 
raw 104 86 83 92 113 
Siliceous Granite C, raw 103 109 71 192 123 
Rocks Ottawa sand, raw 97 89 81 80 106 
Waste asbestos rock, raw 111 120 71 615 174 
Clay A, calcined 103 101 83 114 129 
Clays Clay B, calcined 110 105 89 83 114 
Clay C, calcined 107 127 95 332 110 
Clay D, calcined 104 104 82 140 116 
Limestones Limestone A, raw 102 94 82 168 109 
Limestone B, raw 98 107 78 195 106 
None (high-lime p. c.) 100 100 100 100 100 


aHigher values more desirable. 
bLower values more desirable. , 
¢All portland-puzzolan cements contain 20 per cent by weight of puzzolan, blended with high-lime 


clinker. 


4Cement content of concrete 1.5 bbl. per cu. yd. 


TABLE 5—EFFECT OF CALCINATION OF PUZZOLAN AT 1450° F. UPON PROPERTIES OF. 
PUZZOLANS AND PORTLAND-PUZZOLAN CEMENTS 


Puzzolan Portland-puzzolan Cement? 
Percentage of 
Value for 
Raw Puzzolan Percentage of Value for Raw Puzzolan 
Compr. Str. Compr. | Index of 
: to) Per Tens. Str.| Str. of Resist- | Contrac- 
Calcined Puzzolan Puzzolan- Cent |. Spec- of Std Std.- ance of tion of 
lime-sand of ific Mortar Cured Neat Mortar 
Mortar@ Puzzo-| Sur- at Concrete | Slabs in in Air 
-- —| lan facea 3 Mo.@ at 10% 1 Yr.e 
7 da. | 28 da. 1 Yr.2, 2 | NasSOxe 
Diatomaceous Silicas 
Diatomaceous earth 146 141 10 103 102 103 147 84 
Diatomaceous shale 91 89 30 105 103 95 96 90 
Volcanic Silicas - 
Pumicite BC 77 20 100 100 99 65 93 
Tuff 141 162 30 97 96 120 62 87 
Siliceous Rocks 
Granite (Arrowrock Dam)| 100 120 20 100 —— -— —— — 
Clays 
Clay A 185 151 20 97 101 122 171 80 


Higher values more desirable. 
bLower values more desirable. 
¢All portland-puzzolan cements contain puzzolan blended with high-lime clinker. 


¢Cement content of concrete 1.5 bbi. per cu. yd. 
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percentages of the strength for raw puzzolan. It is seen that calcination at 1450° F. 
decreases the activity of diatomaceous shale and pumicite; increases the activity of 
diatomaceous earth, tuff, and clay A; and affects but little the activity of the granite. 

In Table 5 also is shown the effect of calcination of puzzolan upon grindability, 
strength, sulfate resistance, and volume change of portland-puzzolan cements. For 
all of the puzzolans, calcination reduces the contraction in air of mortar containing 
the portland-puzzolan cement. Further tests indicate that the higher the tempera- 
ture of calcination the less the mortar contraction. 


Effect of Type of Portland-Cement Clinker 


The chemical analysis and compound composition of the four clinkers are given in 
Table 6. The effect of type of clinker upon selected properties of portland-puzzolan 
cements is shown in Table 7; the test results for the portland-puzzolan cements are 
expressed (in parenthesis) as percentages of the value for the corresponding portland 
cement. Comparing the portland-puzzolan cements with the corresponding portland 
cements used in the blend, the relative benefits obtained by blending differ as between 
the desired properties of grindability, strength, sulfate resistance, and volume con- 
stancy upon drying. However, except as regards the contraction of mortar upon 
drying, it appears that the most favorable relative results are obtained by blending 
puzzolans with the high-lime clinker. 

In the discussions to follow, the conclusions are drawn chiefly with respect to 
portland-puzzolan cements containing the high-lime portland cement. 


Effect of Amount of Puzzolan 


The effect of the amount of puzzolan upon selected properties of portland-puzzolan 
cements containing the high-lime portland cement is shown in Table 8. The test 
results for portland-puzzolan cements are expressed (in parenthesis) as percentages 
of the value for high-lime portland cement. 

Referring to the values of specific surface in Table 8, it is seen that in general the 
grindability increases with the amount of puzzolan, although not in direct propor- 
tion. Referring to the values of tensile and compressive strength, it is seen that in 
general the strength is less for greater amounts of puzzolan. For most portland- 
puzzolan cements, the tensile strength of standard mortar is greater, and the com- 
pressive strength of the concrete is less, than that for the high-lime portland cement. * 
As compared with the low-lime portland cement, on the average the portland- 
puzzolan cements containing 10 per cent of puzzolan exhibit higher strengths of 
mortar and concrete, those containing 20 per cent of puzzolan approximately equal 
strengths, and those containing 30 per cent of puzzolan lower strengths than the 
corresponding strengths for the low-lime portland cement. 

Considering the resistance of neat slabs to the action of sodium sulfate (Table 8), 
for all of the portland-puzzolan cements except three (those containing Ottawa sand, 
basaltic tuff, and granite) the resistance is greater than that for the high-lime portland 
cement; and for five of the active puzzolans the resistance is greater than that for 
the low-lime portland cement. With few exceptions, the resistance is greater for 
higher percentages of puzzolan. The corresponding tests on other types ot specimen 
and other concentrations of the sodium-sulfate solution indicate that 10 per cent of 
puzzolan in portland-puzzolan cement does not greatly improve the sulfate resistance, 
but that 20 per cent or more of the active puzzolans of diatomaceous or volcanic 
origin distinctly improves the resistance over that of the corresponding portland 

*It must be kept in mind that a rich concrete (1.5 bbl. of cement per cu. yd.) was employed in these 


tests; further tests, described in part herein, show that portland-puzzolan cements exhibit relatively 
higher concrete strengths in leaner mixes. 
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TABLE 7—EFFECT OF TYPE OF PORTLAND-CEMENT CLINKER UPON PROPERTIES 
OF PORTLAND-PUZZOLAN CEMENTS 


Compr. Str.| Index of |Contraction 


% Spec. Tens. Str. fo) Resistance | of Mortar 
of Surf., of Std. Std.-Cured of Neat in Air at 
Puzzolan Puzz- | sq.cm | Mortar at |Concrete at | Slabs in NE, 
olan per 3 Mo., VERS 10% Millionths: 
gram? p. s. i. p.s. 1.4, ¢ NarSO.e per unit® 


BLENDS WITH HIGH-LIME CLINKER (59% 3C.8, 11% 3C.A) 


None 0 1680 443 6710 114 1236 
Diatomaceous shale, calcined 10 (112) (128) ( 91) (446) (121) 
Pumicite, raw 20 (117) (121) (104) (305) (127) 
Granite (Arrowrock Dam), raw 10 (102) (104) ( 94) ( 90) (109) 


BLENDS WITH MEDIUM-LIME CLINKER (49% 3C.8, 11% 3C.A) 


None 0 1560 472 7270 343 1550 
Diatomaceous shale, calcined 10 (108) (112) ( 85) (161) (112) 
Pumicite, raw 10 (111) (122) ( 95) ( 50) ( 94) 
Granite (Arrowrock Dam), raw 10 (112) (106) ( 80) ( 44) (106) 


BLENDS WITH LOW-LIME CLINKER (37% 3C.8, 11% 3C.A) 


None (6) 1440 470 6230 377 1756 
Diatomaceous shale, calcined 10 (108) (114) ( 98) (192) (106) 
Granite (Arrowrock Dam), raw 10 (105) —— ( 86) —— (103) 


BLENDS WITH LOW-LIME, LOW-ALUMINA CLINKER (41% 3C.8, 8% 3C.A) 


None 0 1480 5004 5700 688 1603 
Diatomaceous shale, calcined 10 (105) (112) (102) (106) (117) 
Pumicite, raw 10 (109) ( 97) (101) (105) (116) 


Granite (Arrowrock Dam), raw | 10 (103) ( 87) ( 88) (126) (104) 


«Higher values more desirable. 

bLower values more desirable. 

eCement content of concrete 1.5 bbl. per cu. yd. 

4Interpolated value. : 

NOTE—Values in parentheses are percentages of value for corresponding portland cement. 


cements. For the percentages shown, the portland-puzzolan cements containing 
limestone are more resistant than the high-lime portland cement and are more 
resistant than the portland-puzzolan cements containing Ottawa sand, granite, 
basaltic tuff, and clay A. 

Considering the values of contraction of mortar in air (Table 8), it is seen that in 
all cases (1) the contraction is greater than that for the high-lime portland cement, 
and (2) the higher the percentage of puzzolan, the greater the contraction. Com- 
paring the portland-puzzolan cements with the low-lime portland cement, it is seen 
that with two exceptions (diatomaceous earth and shale, 20 per cent) the contraction 
is less for portland-puzzolan cements containing 10 and 20 per cent of puzzolan than 
for the low-lime cement. For six of the portland-puzzolan cements containing 30 
per cent of puzzolan, the contraction is equal to or less than that for the low-lime 
cement. 

The optimum percentage of a particular puzzolan necessarily depends upon the 
property of mortar or concrete under consideration, as well as upon the type of 
clinker. On the whole, consideration of the foregoing properties indicates that the 
optimum percentage is likely to lie within the limits of 10 to 30 per cent. In the dis- 
cussions to follow, except as noted the conclusions are drawn with respect to port- 
land-puzzolan cements containing 20 per cent of puzzolan. 
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TABLE 8—EFFECT OF AMOUNT OF PUZZOLAN UPON PROPERTIES 
OF PORTLAND-PUZZOLAN CEMENTS 
Compr. Index of Contrac- 
% Spec. | Tens. Str. Str. of Resistance tion of 
Group Puzzolan¢ of Surf. of Std. Std.-Cured of Neat Mortar in 
Puzz- | sq. cm. | Mortar at | Concrete at Slabsin |Airat1Yr., 
olan per 3 Mo., Lr 10% Millionths 
gram2 p.s. i. p. 8. i.2, 4 Na2SOu per unit? 
Portland None (high-lime port- 
Cements land cement) 0 1680 443 6710 114 1236 
Diatomaceous earth, 10 (106) (117) ( 93) (263) (116) 
calcined 20 (110) (131) ( 83) (610) (149) 
Diatoma- | Oil-impregnated 10 (105) (120) (100) (274) (116) 
ceous diatomaceous earth,|} 20 (110) (124) ( 97) (606) (131) 
Silicas calcined 30 (118) (128) ( 85) (622) (160) 
Diatomaceous shale, 10 (112) (128) ( 91) (446) (121) 
calcined 20 (113) (129) ( 80) ; (606) (156) 
30 (109) (123) ( 81) (607) (185) 
Pumicite, 20. | lizye) a2D (103) (198) (118) 
calcined 30 (124) (128) (101) (611) (142) 
Volcanic Tuff, | 20 (104) (113) ( 89) (491) (123) 
; Silicas ‘ calcined 30 (110) (111) ( 83) (398) (161) 
Basaltic tuff, 20 ( 93) (106) CSD ( 89) (119) 
calcined 30 ( 93) (105) ( 69) ( 99) (122) 
Granite 10 (102) (104) ( 94) ( 90) (109) 
es (Arrowrock Dam), | 20 | (104) | ( 86) ¢ 83) ¢ 92) (113) 
Siliceous Taw 30 (105) ( 81) ( 71) ( 98) (116) 
Rocks 
Ottawa sand, 20 ( 97) ( 89) ( 81) ( 80) (106) 
raw 30 (101) ( 83) ( 73) ( 75) (110) 
Clays Clay A, 20 (103) (101) ( 83) (114) (129) 
calcined 30 (107) (110) ( 73) (118) (140) 
Lime- Limestone A, 20 (102) ( 94) ( 82) (168) (109) 
stones raw 30 (103) ( 89) ( 70) (241) (114) 
Portland None (low-lime port- (0) ( 86) (106) ( 98) (331) (142) 
Cements| land cement) 


eHigher values more desirable. 

bLower values more desirable. 

cAll portland-puzzolan cements contain puzzolan blended with high-lime clinker. 
4Cement content of concrete 1.5 bbl. per cu. yd. 

NOTE—Values in parentheses are percentages of value for high-lime portland cement. 


Chemical and Physical Properties of Portland-Puzzolan Cements 

In Table 9 are shown the chemical and physical properties of seventeen portland- 
puzzolan cements containing 20 per cent of puzzolan blended with high-lime clinker. 
Corresponding values are shown for the four portland cements included in the 
investigation. 

The specific gravity of the portland-puzzolan cements in Table 9 ranges from 2.91 
to 3.07, as compared with 3.16 for the high-lime portland cement with which the 
puzzolans are blended. All of the portland-puzzolan cements tested in this investiga- 
tion are sound and exhibit normal times of setting. 

The specific gravity of the diatomaceous silicas and of certain voleanic silicas, 
which in portland-puzzolan cements exhibit the best strength and sulfate resistance, 
is considerably lower than that of the remaining puzzolans. Further, as between the 
various clays or as between the various siliceous rocks, the lower the specific gravity 
the better the strength and sulfate resistance. However, the relation between specific 
gravity and performance is not entirely consistent throughout the range of specific 
gravity for all puzzolans. 
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TABLE 10—FINENESS OF CEMENTS GROUND FOR EQUAL PERIODS, BY GROUPS 


Percentage of Value for High-lime Portland Cement 


Amount 


Puzzolan¢ Passing Amount Finer Specific Surface 
Sp. Sieve Than Diam. 
Gr. Portland- | Portland- 
No. | No. 40 10 Puzzolan | Cement Puzzolan 
200 | 325 |Microns|Microns|Component Component| Cement 
Diatomaceous silicas 95 | 100 98 104 118 165 97 111 
Volcanic silicas 94 | 101 | 100 102 107 135 99 106 
Siliceous rocks 96 | 100 95 99 107 110 102 104 
Clays 97 | 100 99 102 111 134 99 106 
Limestones 97 96 | -93 97 112 154 86 100 
None (high-lime port. cement) 100 | 100 | 100 100 100 —— 100 100 
None (low-lime port. cement) | 101 94 88 84 88 —— 86 86 


2All portland-puzzolan cements contain 20 per cent by weight of puzzolan, blended with high-lime 
clinker. 


Fineness; Grindability of Cements ‘ 

As all of the cements were ground for equal periods of time, their fineness is an 
indication of relative grindability. In Table 9 are shown values of fineness expressed 
as percentages passing the No. 200 and No. 325 sieves, as percentages finer than 40 
and 10 microns, and in terms of specific surface. With few exceptions, the percentage 
passing the No. 325 sieve and the percentages finer than 40 and 10 microns show 
excellent correlation with the relative values of specific surface. 

Referring to the values of specific surface of portland cements in Table 9, it is 
seen that the high-lime cement is the easiest to grind and that the low-lime cement is 
the most difficult to grind. 

Referring to the values of specific surface of portland-puzzolan cements in Table 9, 
it is seen that all of these cements are more g1 indable than the medium-lime and low- 
lime portland cements, and that all except three (those containing basaltic tuff, 
Ottawa sand, and limestone B) are more erindable than the high-lime portland 
cement with which the puzzolans are blended. 

In Table 9 is shown the specific surface of the puzzolanic component of the port- 
land-puzzolan cements, based upon the assumption that the grinding characteristics 
of the puzzolan are the same when interground with clinker as when ground separately. 
(As the puzzolanic component is only a fraction of the total cement, a fairly large 
error in the assumption would affect the computed specific surface of the portland- 
cement component but little.) It is seen that the two portland-puzzolan cements 
which are most difficult to grind, as indicated by their low specific surfaces for equal 
periods of grinding, contain the two puzzolans which are most difficult to grind 
(basaltic tuff and Ottawa sand). 

It is possible that the fineness of the portland-cement component of a portland- 
puzzolan cement has greater significance than the fineness of the total (blended) 
cement as reported herein. In Table 9, the computed specific surface of the portland- 
cement component ranges from 1400 to 1860 sq. em. per gram, averaging 1650 sq. 
cm. per gram as compared with 1680 sq. em per gram for the high-lime portland 
cement ground separately. These differences are not great enough to permit evalu- 
ation of the effect of fineness of portland-cement component upon the properties of 
portland-puzzolan cements. 

In Table 10 are shown the fineness data of Table 9, averaged by groups of puzzolans 
and with the values expressed as percentages of the corresponding value for the high- 
lime portland cement. With the exception of the group containing the limestones, 
the portland-puzzolan cements have on the average a specific surface of portland- 
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cement component approximately equal to that of the high-lime portland cement; 
therefore their higher fineness (specific surface) appears to be due to the higher fine- 
ness of the puzzolanic component. The highest degree of fineness is attained by the 
group of portland-puzzolan cements containing diatomaceous silicas, and the lowest 
by the group containing limestones. 

As shown in Table 5, calcination of the puzzolan at 1450° F. has but little effect 
upon the grindability of the six portland-puzzolan cements there listed. 


A comparison of the specific surface of portland-puzzolan cements containing 
different amounts of puzzolan up to 30 per cent (Table 8) indicates that in general 
the grindability increases with the percentage of puzzolan. An exception is diatomac- 
eous shale, for which the maximum grindability is for portland-puzzolan cement 
containing 25 per cent of puzzolan. 


Water Requirement for Fixed Consistency 


Table 11 shows the water requirement of the various groups of puzzolans for fixed 
consistencies which were employed as the bases for specimen manufacture. The 
values for 20 per cent of puzzolan are complete averages from Table 9, but the data 
for other percentages of puzzolan are incomplete, as tests were not made on all 
pozzolans in all percentages. 


In general, the portland-puzzolan cements require more water than does the high- 
lime portland cement. The greater the percentage of puzzolan, the greater the water 
requirement. The greatest amounts of water are required by the diatomaceous 
silicas and waste asbestos rock, and the least by Ottawa sand. In general, the 
portland-puzzolan cements of higher fineness require more water to produce the 
given consistency. 

As the water-cement ratios determined in these tests were employed in the manu- 
facture of specimens for other tests, the effect of water requirement is reflected in 
the results of tests to determine strength, volume change, sulfate resistance, etc. 


TABLE 11—RELATIVE WATER REQUIREMENT OF PORTLAND-PUZZOLAN CEMENTS FOR 
FIXED CONSISTENCY, BY GROUPS 


Percentage of Value for High-lime Portland Cement 


Puzzolan Blended 140 Per Cent Flow : 
With High-lime Normal Consistency of Concrete 214-in. Flow of Concrete 
Clinker in Percentage of Neat-cement Paste (Flow Table) (Burmister Trough) 

Indicated a 

10% 20% 30% 10% 20% 30% 10% 20% 30% 

Diatomaceous silicas 121 143 167 106 114 115 105 111 126 

Volcanic silicas — 116 120 — 104 107 — 102 — 

Siliceous rocks — 118 — — 105 — — 103 — 

Clays —_— 112 120 — 104 106 — 100 105 

Limestones —— 103 107 — 103 104 -— — — 


ee aE saEEEEEE EERIE 


Water Gain of Concretes 

In a separate series of tests, the water gain up to the time of initial set was deter- 
mined on 18 by 36-in. cylindrical specimens of concrete containing (a) a medium- 
lime, low-aiumina portland cement, (b) a low-lime, low-alumina portland cement, and 
(c) a portland-puzzolan cement consisting of the medium-lime, low-alumina portland 
cement blended with 25 per cent of calcined diatomaceous shale. The test results 
are shown in Table 12. It is seen that the portland-puzzolan cement exhibits under 
the conditions of these tests a greater water-retaining capacity than either of the 


portland cements. 
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Permeability of Concretes 

In the same separate series of tests, the permeability of 30 by 30-in. cylindrical 
concrete specimens was determined at the age of 28 days, in terms of the total inflow 
of water under 100 p.s.i. pressure applied through a porous mortar block at the 
center of the cylinder. The test results are given in Table 12. It is seen that on the 
average the portland-puzzolan cement exhibits greater resistance to the percolation 
of water. 
Strength of Mortars and Concretes 

In Table 13 are given values of strength of mortars and concretes at various ages 
up to 1 year. In Table 14 are given certain of these values, by groups of puzzolans, 
expressed as percentages of the corresponding values for high-lime portland cement. 


TABLE 12—WATER GAIN AND PERMEABILITY OF CONCRETES 


; Average Total Inflow of 
Average Water Gain on 18 | Water Into 30 by 30-n. 
Avg. Spec. | by 36-in. Concrete Cylinder Concrete Cylinder Over 


Cement Surf., sq. em | Up to Time of Initial Set, | Period of 36 Hours at 100 
per gram ml p. s. i., ml> 
~ 0.8 bbl. 1.0 bbl. 0.8 bbl. 1.0 bbl. 
per cu. yd. | per cu. yd. | per cu. yd. | per cu. yd. 
Medium-lime, low-alumina 
portland cement 1950 195 76 790 180 
Low-lime, low-alumina 
portland cement 1980 86 40 440 200 
Portland-puzzolan cement? 2130 31 28 230 120 


¢Medium-lime, low-alumina clinker blended with 25 per cent of calcined diatomaceous shale. 

’Permeability specimens standard-cured 28 days before test. 

NOTE—Concrete contains 0 to 6-in. gravel; slump 1}4 in. Values are average for two finesses of 

cement (specific surface nominally 1800 and 2200 sq. cm per gram). 

Standard Mortar. As shown in Table 14, at the age of 3 months the highest tensile 
strength of standard-cured standard mortar is attained by the group of portland- 
puzzolan cements containing the diatomaceous silicas, followed in order by the vol- 
canic silicas, clays, limestones, and siliceous rocks. The tensile strength is higher 
for all groups of portland-puzzolan cements than for the high-lime portland cement; 
and is higher for the groups containing the active puzzolans than for the low-lime 
portland cement. 

Considering the compressive strength of standard-cured standard mortar at the 
age of 3 months (Table 14), it is seen that the strength is lower for four groups of 
portland-puzzolan cements than for the high lime portland cement, but is higher for 
the group containing diatomaceous silicas than for the high-lime portland cement. 

Incomplete results of the 1-year tension and compression tests on standard mortar 
indicate that the groups of portland-puzzolan cements remain in the same order 
with regard to strength as at the age of 3 months, but that for the volcanic silicas 
the strengths approach those for the diatomaceous silicas. 

Considering the tensile strength of standard mortar standard-cured for 28 days 
and then stored in air to the age of 3 months (Table 18), it is seen that under these 
conditions of air storage the strength is higher for all but three of the portland- 
puzzolan cements than for the high-lime portland cement; and that the strength is 
considerably higher for all portland-puzzolan cements than for the low-lime portland 
cement. Comparing the groups of portland-puzzolan cements (Table 14), the strength 
after air storage is highest for the diatomaceous silicas and lowest for the siliceous 
rocks. 
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TABLE 14—STRENGTH OF STANDARD-CURED MORTARS AND CONCRETES, BY GROUPS OF 
PORTLAND-PUZZOLAN CEMENTS 


| 


Percentage of Value for High-lime Portland Cement 


Concrete 
Standard Mortar (1.5 bbl. per cu. yd.) 
Puzzolan¢ - ——_—— 
Tensile Strength 
Water Air Compr. Elastic 
Storage Storage> Str. Compr. Str. Modulus 
3 mo. 1 yr. 3 mo. 3 mo. 3 mo. lyr. lyr. 
Diatomaceous silicas 128 
Volcanic silicas 115 
Siliceous rocks 101 
Clays 109 
Limestones | 101 
None (high-lime portland cement)| 100 


Ditto, less 20% cement in mix) — 
None (low-lime portland cement)| 106 


¢Portland-puzzolan cements contain 20 per cent of puzzolan, blended with high-lime clinker. 
bIn air of laboratory after 28 days of standard curing. ~ 


TABLE 15—EFFECT OF RICHNESS OF MIX UPON RELATIVE COMPRESSIVE STRENGTHS OF 
STANDARD-CURED CONCRETES CONTAINING PORTLAND AND 
PORTLAND-PUZZOLAN CEMENTS 


Compressive Strength of Percentage of Value for 
Spec. Concrete at 3 Months, Corresponding Portland 
Surf., Dosis Cement 
Cement sq.m. |p i a la ea 
per 0.8 bbl. | 1.0 bbl. | 1.5 bbl. | 0.8 bbl. | 1.0 bbl. | 1.5 bbl. 
gram per per per per per per 
cu. yd< | cu. yd | cu. yd.¢ | cu. yd | cu. yd | cu. yd.¢ 
Medium-lime portland cement 1560 asS= —— 6570 ed == 100 
peewee: eee Se ee [ae eee eae 
Portland-puzzolan cement? 1770 == —— 5250 === == 80 
pr ae ee ———— 
Medium-lime, low-alumina port- | 1790 1820 3210 — 100 100 — 
land cement 2100 2490 3980 — 100 100 —— 
Portland-puzzolan cement? 2000 2760 3630 — 152 113 — 
2250 2740 3950 — 110 99 —- 


*Medium-lime portland cement blended with 20 per cent of calcined diatomaceous shale. 
plete low-alumina portland cement blended with 25 per cent of calcined diatomaceous 
shale. 


6 by 12-in. cylinders; 0 to 1y-in. gravel; slump % in. 
43 by 6-in. cylinders; 0 to 34-in. gravel; flow 140 per cent. 


Plastic Mortar. In general, at the age of 3 months the compressive strengths of 
the plastic mortars containing San Gabriel sand (Table 138) are about 20 per cent 
higher than the strengths of corresponding standard mortars. However, for the three 
puzzolans having the highest water requirement to produce a fixed consistency, the 
strength of the plastic mortar is less than that of the standard mortar. 

Concrete. As shown in Table 13, in general the compressive strengths of concrete 
containing 1.5 bbl. of cement per cu. yd. are at all ages up te 1 year less for the 
portland-puzzolan cements than for the high-lime portland cement; and are at the 
ages of 3 months and 1 year less for the portland-puzzolan cements than for the low- 
lime portland cement. Comparing the various groups of portland-puzzolan cements 
(Table 14), the compressive strength of concrete is relatively higher for the groups 
of concretes containing the active puzzolans (diatomaceous silicas, volcanic silicas, 
and clays). 
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It is emphasized that the concrete employed in these tests is relatively rich. Other 
tests have shown that the relative strengths for portland-puzzolan cements are higher 
in leaner mixes of concrete. The effect of richness of mix is shown in Table 15, for 
concrete containing respectively 0.8, 1.0, and 1.5 bbl. of cement per cu. yd.* It ig 
seen that the leaner the mix, the higher the ratio of compressive strength for portland- 
puzzolan cements to the strength for the portland cements with which the puzzolans 
are blended. 

Referring again to Table 14, it is seen that even the inactive puzzolans (siliceous 
rocks and limestones) exhibit higher compressive strengths of concrete than does the 
high-lime portland cement less 20 per cent of cement in the mix. The difference in 
strength is probably due in large part to the fact that these puzzolans serve as work- 
ability agents and void fillers, thus reducing the water requirement. 

Elasticity of Concretes 

In Table 13 are given values of secant modulus of elasticity of concrete at the age 
of 1 year; and in Table 14 these values are expressed, by groups, as percentages of 
the value for high-lime portland cement. In general, the moduli are proportional 
to the compressive strengths at the same age. For the portland-puzzolan cements, 
the modulus ranges from 3.90 to 5.24 million lb. per sq. in.; the average value is 4.66 
million lb. per sq. in., or 88 per cent of the value for the high-lime portland cement. 
Absorption of Concretes 

In Table 13 is shown the absorption of concrete at the age of 1 year. For all 
cements, the absorption ranges from 5.7 to 9.1 per cent by weight, indicating no 
pronounced difference as between cements in this respect. The greatest absorption is 
exhibited by the portland-puzzolan cements containing waste asbestos rock and 
diatomaceous shale. 

Umit Weight of Concretes 

Values of unit weight of concrete are shown in Table 13. The unit weight of the 
concretes containing portland-puzzolan cements ranges from 0.5 to 6.0 Ib. per cu. ft. 
less than that for the high-lime portland cement, the average difference being 2.9 
Ib. per cu. ft. or about 2 per cent. 

Heat of Hydration of Cements 

Fig. 1 shows the rate of heat generation of several neat cements during the first 
24 hours of hydration. For the high-lime portland cement, the maximum rate 
occurs at the age of approximately 11 hours. The rate for the portland-puzzolan 
cements containing active puzzolans (diatomaceous shale and pumicite) reaches a 
maximum at an earlier age than that for the portland cement; and the maximum 
rate for the inactive material (limestone) reaches a maximum at about the same 
age. For portland-puzzolan cements containing the greater percentages of diato- 
maceous shale, the maximum rate of heat generation is smaller in amount and 
occurs at an earlier age. The area under each curve represents the total heat of 
hydration up to the age of 1 day. 

In the tabulation shown in Fig. 1 are given values of (1) the heat of immediate 
hydration, and (2) the total heat of hydration up to ages of 1, 3, 7, and 28 days. 
The total heat of hydration at all ages is less for the portland-puzzolan cements than. 
for the high-lime portland cement, the difference being roughly proportional to the 
percentage of puzzolan. 

The total heat of hydration of the low-lime cement up to the age of 28 days is 
80.7 calories per gram, a value approximately equal to the average value for the six 
portland-puzzolan cements (listed in Fig. 1) which contain 20 per cent of puzzolan. 


*The concretes containing 0.8 and 1.0 bbl. of cement per cu. yd. were tested in aseparate investigation, 
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Fic. 1— Hat GENERATION OF NEAT CEMENTS 


In general, it has been observed that portland-puzzolan cements generate a rela- 
tively large portion of their total heat of hydration at the very early ages. 


TABLE 16—STRENGTH-HEAT RATIO OF PORTLAND AND PORTLAND-PUZZOLAN CEMENTS 


Tensile Strength | Total Heat of Hy- 
Pozzolan¢ of Standard Mortar/dration to 28 Days, Strength-Heat 

at 28 Days, p.s. i. eal. per gram Ratio 
Diatomaceous shale, calcined 513 88.0 5.8 
Pumicite, raw 430 79.7 5.4 
Basaltic tuff, calcined 423 83.5 5el 
Clay C, calcined 468 85.0 5.5 
Limestone A, raw 414 76.2 5.4 
Limestone B, raw 421 79.2 5.3 
None (high- lime portland cement) 447 102.8 4.4 
None (low-lime portland cement) 422 80.7 5.2 


Se ppripane DiLEKCISD, cements contain 20 per cent by weight of puzzolan, blended with high-lime 
clinker. 


The ratio of strength to heat generation up to a given age is sometimes taken as a 
measure of the efficiency of cements for mass concrete construction. For the six 
portland-puzzolan cements containing 20 per cent of puzzolan, listed in Fig. 1, the 
strength-heat ratios at 28 days based upon the tensile strength of standard mortar 
are shown in Table 16, together with corresponding values for the high-lime and low- 
lime portland cements. The strength-heat ratios are considerably higher for all 
portland-puzzolan cements than for the high-lime portland cement, and with one 
exception are higher for the portland-puzzolan cements than for the low-lime portland 
cement. 

It has been observed that the heat of immediate hydration is greater for finer 
portland-puzzolan cements and for those containing the more active puzzolans. 
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Resistance to Action of Sodium Sulfate 


The relative resistance of cements to the action of sodium-sulfate solutions is 
ndicated by the values for certain of the tests, shown in Table 17. 

Neat-Cement Slabs. Considering the values of “index of resistance” for neat- 
cement slabs in a 10-per cent solution of sodium sulfate (Table 17), it is seen that 
with three exceptions (Ottawa sand, Clay B, and basaltic tuff) the portland-puzzolan 
cements are more resistant than the high-lime portland cement with which they are 
blended. Of the portland-puzzolan cements, the highest resistance is exhibited by 
those containing the diatomaceous silicas, waste asbestos rock, and tuff. Of the 
portland cements, the low-lime, low-alumina cement is most resistant and the high- 
lime cement is least resistant. 

Standard Mortar Briquets. As shown in Table 17, a high degree of resistance of 
standard mortar briquets to the action of 2 and 10-per cent solutions of sodium 
sulfate is exhibited by the portland-puzzolan cements containing the diatomaceous 
silicas, pumicite, tuff, the limestones, and waste asbestos rock. The least resistant 
portland-puzzolan cements are those containing the granites, Ottawa sand, and 
Clay A. Of the portland cements, the low-lime, low-alumina cement is most resistant 
and the high-lime cement is least resistant. In general, the portland-puzzolan 
cements containing the diatomaceous silicas, volcanic silicas, and limestones are 
more resistant than the high-lime portland cement; and some of the portland-puzzolan 
cements (blended with high-lime clinker) are more resistant than any of the portland 
cements. 

Expansion of Mortar. In this test, the action of a 10-per cent solution of sodium 
sulfate on mortar bars is indicated by the difference in expansion between bars 
immersed in the sulfate solution and corresponding bars immersed in water, greater 
differences indicating lower resistance (Table 17). Prior to the age of 2 months, very 
high expansions were attained by the high-lime portland cement and by the portland- 
puzzolan cements containing Ottawa sand, granite, and clay A; and the tests on 
these cements were discontinued. Relatively high resistance (as indicated by low 
values of expansion) is exhibited by the portland-puzzolan cements containing the 
diatomaceous silicas, waste asbestos rock, tuff, and pumicite. 

Compressive Strength of Concrete. In this test, 3 by 6-in. cylinders of concrete con- 
taining 1.5 bbl. of cement per cu. yd. were standard-cured for 28 days, then immersed 
for 6 months in sodium-sulfate solutions under the conditions shown in Table 17. 
Corresponding cylinders were standard-cured for 28 days, then immersed in water 
under the same conditions of temperature and exposure. At the age of 7 months, 
the compressive strengths of the specimens were determined. The results are reported 
as the ratio of the strength of the sulfate-stored specimens to that of the correspond- 
ing water-stored specimens, expressed as percentages. 

Considering the specimens immersed in a 1-per cent solution, it is seen in Table 17 
that the test results are not greatly different for the two conditions of storage. The 
medium-lime and low-lime, low-alumina portland cements are more resistant than 
the high-lime portland cement, as are also the portland-puzzolan cements containing 
oil-impregnated diatomaceous earth, tuff, basaltic tuff, and waste asbestos rock. 
Ottawa sand and clay A exhibit a low degree of resistance as measured by this test. 

In the 10-per cent solution, the concretes containing the high-lime portland 
cement and seven of the portland-puzzolan cements disintegrated prior to the date 
of test (Table 17). The remaining portland-puzzolan cements for which test 
results are available are considerably more resistant than the medium-lime and low- 
lime, low-alumina portland cements under these conditions of test. 
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Comparison of Portland Cements. Considering all of the test results for portland 
cements in Table 17, it is indicated that (1) the higher the silica content the greater 
the resistance of portland cements to the action of sodium sulfate; and (2) the lower 
the alumina content the greater the resistance. 

Comparison of Portland-Puzzolan Cements. Considering all of the test results 
for portland-puzzolan cements in Table 17, it is indicated that on the whole the most. 
resistant portland-puzzolan cements are those containing the diatomaceous silicas, 
followed in order by those containing volcanic silicas and limestones. As a group, 
the clays are but slightly more resistant than the siliceous rocks; but clay C and waste 
asbestos rock (a siliceous rock) are more resistant than the remaining puzzolans in 
their respective groups. 


Based upon the more complete test results, including those for blends with all of 
the portland-cement clinkers, it appears that all of the portland-puzzolan cements 
containing the diatomaceous silicas, volcanic silicas, and limestones are more resistant 
to sulfate action than are the corresponding portland cements. 


Effect of Calcination of Puzzolan. The effect of calcination of puzzolan upon the 
resistance of portland-puzzolan cements to the action of sodium sulfate is shown in 
part in Table 5. Based upon the few comparisons available from this and the other 
tests for sulfate resistance, it is indicated that calcination of pumicite lowers somewhat 
its sulfate resistance; that calcination of diatomaceous earth, diatomaceous shale, 
and tuff do not greatly affect the resistance; and that calcination of clay improves its 
resistance. 


Effect of Amount of Puzzolan. The effect of amount of puzzolan upon the resistance 
of portland-puzzolan cements to the action of sodium sulfate is shown in part in 
Table 8. Itis seen that, within the limits of 10 to 30 per cent, the larger the percentage 
of puzzolan the greater the resistance. Based upon the more complete data, it is 
indicated that the use of only 10 per cent of puzzolan results in only a slight increase 
in resistance, and in some cases an actual decrease; but that the use of 20 or 30 per 
cent of puzzolan considerably improves the resistance over that for the low percentage 
of puzzolan. 


Volume Changes of Mortars 


Expansion in Fog. The expansion of standard-cured mortars between the ages of 
2 and 28 days is shown in Table 18. The expansion under moist conditions up to the 
age of 28 days is 1/15 to 1/25 as great as the contraction under drying conditions 
up to the age of 1 year; and in no case is the expansion great enough to be of signific- 
cance. The greatest expansion is exhibited by the portland-puzzolan cement con- 
taining waste asbestos rock, which is high in magnesia; and the least expansion is 
exhibited by the portland-puzzolan cements containing the limestones. For 11 of 
the 17 portland-puzzolan cements, the expansion is less than that for the high-lime 
portland cement. At the age of 1 year, the values available for a few of the portland- 
puzzolan cements indicate that their mortar expansion is up to 20 per cent greater 
than that for the high-lime portland cement. 


Contraction in Air. In Table 18 is shown the contraction of mortar standard- 
cured for 28 days and then stored in air of relative humidity 50 per cent at 0 aie 
up to the age of 1 year. All values are net, being referred to the length at the age of 
2 days. Considering the 1-year contraction, it is seen that the contraction is least 
for the high-lime portland cement and greatest for the portland-puzzolan cement 
containing the waste asbestos rock. Of the portland-puzzolan cements, the contrac- 
tion is least for those containing the limestones. Considering the siliceous portland- 
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puzzolan cements, the contraction is least for the siliceous rocks (except waste 
asbestos rock), followed in order by the clays, volcanic silicas, and diatomaceous 
silicas. For only three portland-puzzolan cements (those containing waste asbestos 
rock, diatomaceous shale, and diatomaceous earth) is the contraction greater than 
that for the low-lime portland cement. 

It has been observed that a consistent relation exists between the gross contrac- 
tion at later ages and the contraction after relatively short periods of drying. For 
example, at the age of 4 months (3 months of air storage) the average gross contraction 
for the cements listed in Table 18 is 0.90 of the contraction at 1 year (11 months of air 
storage) ; for the individual cements this ratio ranges from 0.86 to 0.94 and the mean 
variation from the average is only 0.01. Similarly, for 94 mortars included in this 
investigation the ratio of gross contraction after only 28 days of air storage is 0.75 
of that after 11 months of air storage, with a mean variation from the average ratio 
of 0.03. Of course these numerical ratios apply only to the particular conditions of 
testing, which in this investigation are 1:3.25 mortar containing Niles sand, 1144 by 
1% by 12-in. bars, and storage in air of 50 per cent relative humidity at 70° F., but 
undoubtedly similar ratios exist for any given set of testing conditions. It appears 
that the relative differences in contraction as between cements develop during a 
rapid first stage of drying, after which these differences remain in relative proportion 
during a secondary, slower stage of drying. 

Considering those portland-puzzolan cements which contain both raw and calcined 
puzzolans (Table 5), the net contraction of mortar at 1 year is 7 to 20 per cent less 
for puzzolan calcined at 1450° F. than for raw puzzolan. For diatomaceous shale 
calcined at 1800° F., the net contraction of mortar at 1 year is 16 per cent less than 
that for the same puzzolan calcined at 1450° F. 

The effect of amount of puzzolan upon the contraction of mortar in air at the age 
of 1 year is shown in Table 8. It is seen that the contraction is greater for portland- 
puzzolan cements than for the high-lime portland cement, and that it is greater for 
the higher percentages of puzzolan in the blend. However, for the ten puzzolans 
listed the mortar contraction exhibited by the low-lime cement is not exceeded by 
the portland-puzzolan cements containing the following amounts of puzzolan: 


Percentage of Puzzolan Puzzolan 
tm Portland-Puzzolan Cement 
10 Diatomaceous earth, diatomaceous shale 
20 Oil-impregnated diatomaceous earth, tuff 
30 Pumicite, basaltic tuff, granite (Arrowrock Dam), 


Ottawa sand, clay A, limestone A 


In some cases, approximately 15 per cent of lime (by weight of puzzolanic com- 
ponent) was interground with portland-puzzolan cements containing (1) calcined 
diatomaceous shale and (2) raw pumicite. Invariably the net contraction of mortar 
was reduced, in amounts ranging from 8 to 19 per cent, perhaps due to part to the 
smaller water requirement of the cements containing lime. The contraction was 
reduced more by the use of hydrated lime than by the use of quicklime. 

Fig. 2 shows for three aggregates and three cements the effect of type of aggregate 
upon volume changes of mortar. It is seen that at the age of 4 months (1) the con- 
traction of mortar containing Boulder Dam sand (a quartz sand containing some 
limestone) is about two-thirds of that for Niles sand (a siliceous sand containing 
considerable amounts of disintegrated sandstone), and (2) the contraction of mortar 
containing limestone screenings is only one half of that for Niles sand. When the 
limestone aggregate is employed the mortars containing the portland-puzzolan 
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cements exhibit but little greater contraction than that for the high-lime portland 
cement. Further, the contraction of the portland-puzzolan-cement mortars con- 
taining limestone screenings is less than that of the portland-cement mortar con- 
taining Niles sand. 

Attention is called to the relatively low contraction of mortars containing lime 
in any of the three forms employed in this investigation—as limestone dust inter- 
ground with the cement, as quicklime or hydrated lime interground with the port- 
land-puzzolan cements, or as limestone aggregate. 

Thermal Expansion. A few tests were made to determine the relative coefficients 
of thermal expansion of moist mortar bars similar to those employed in the expansion 
tests but cured in the molds at 70° F. for 2 days, then in sealed containers at 100° F. 
for 1 day, then in the sealed containers at 130° F. up to the age of 28 days, Within 
the range of 130 to 70° F., the coefficient of thermal expansion at 28 days is as 
follows, expressed as a percentage of that for the high-lime portland cement: 


Portland-Puzzolan Cement Containing 30 Per cent of Percentage of Coefficient 
Puzzolan Listed Below for High-Lime Portland Cement, 
Limestone A, raw 88 
Ottawa sand, raw 92 
Tuff, calcined 103 
Pumicite, raw 107 
Shale, calcined 124 


Resistance of Concretes to Freezing and Thawing 


In Table 18 are shown the percentages of disintegration of concrete specimens 
standard-cured for 28 days and then (while continuously saturated) subjected to 100 
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alternations of freezing and of thawing at 160° F. A further indication of the relative 
resistance of the cements is given by the corresponding “index” values. Considering 
these values, it is seen that (1) of the portland cements, the high-lime cement is least 
resistant; and (2) of the portland-puzzolan cements, the following exhibit greater 
resistance than that of the high-lime portland cement, ranging from high to low 
resistance in the order named; oil-impregnated diatomaceous earth, tuff, clay A, 
clay C, and basaltic tuff. The lowest resistance to freezing and thawing is exhibited 
by the portland-puzzolan cements containing pumicite, Ottawa sand, and waste 
asbestos rock. 


For only one puzzolan (pumicite) are data available to show the effect of calcina- 
tion upon resistance to freezing and thawing. It will be recalled (Table 5) that 
calcination of this particular puzzolan decreases its activity and sulfate resistance. 
With respect to freezing and thawing also, the calcined pumicite is less resistant than 
the raw pumicite, having an index value about \ less than that of the raw pumicite. 
This relation does not necessarily hold true for puzzolans whose activity is increased 
by calcination. 


For four puzzolans (calcined diatomaceous shale, raw pumicite, calcined basaltic 
tuff, and calcined clay A), tests were made on portland-puzzolan cements containing 
various amounts of puzzolan (10 to 30 per cent). For all of these puzzolans, the 
resistance to freezing and thawing is less for larger percentages of puzzolan, but the 
portland-puzzolan cements containing 20 per cent of puzzolan are equally resistant 
as, or more resistant than, the high-lime portland cement. 


CONCLUSIONS 


The applicability of these conclusions is limited to concretes under 
conditions similar to those of this investigation with regard to type 
and proportions of materials, fineness of cements, cement content and 
water-cement ratio of concretes, and curing conditions. 


In any comparison of the merits of portland-puzzolan and portland 
cements, the type of structure for which the concrete is intended must 
be considered. For mass-concrete structures, it is desirable that the 
concrete be low in heat generation and (to resist cracking) strong in 
tension. For hydraulic structures, it is desirable that the concrete be 
resistant to percolation of water. For structures exposed to an aggres- 
sive water, it is desirable that the concrete be resistant to percolation 
and resistant to corrosion. For structures subjected to continued 
drying conditions, low contraction upon drying is desirable. 

1. Of the four types of portland-cement clinker herein considered, 
on the whole it appears that the use of a high-lime clinker in portland- 
puzzolan cements results in the greatest relative benefits as compared 
with the corresponding portland cement (Table 7). 

The following conclusions are drawn principally with respect to 
portland-pozzolan cements containing high-lime portland cement. 

2. In portland-puzzolan cements, the diatomaceous silicas as a 
group exhibit the highest degree of grindability, strength, and resist- 
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ance to sodium sulfate; but this group also exhibits large contraction 
of mortar upon drying (Table 4). 

3 The volcanic silicas as a group also exhibit high grindability, 
strength, and sulfate resistance; and the contraction of mortar upon 
drying is considerably less than that for the diatomaceous silicas. Of 
this group, basaltic tuff is relatively low in grindability and sulfate 
resistance (Table 4). 

4. The clays are near the average of the five groups of puzzolan 
with respect to grindability, strength, and contraction upon drying; 
but are low in resistance to sodium sulfate. Clay C is markedly 
better than the other clays (Table 4). 

5. The limestones exhibit low grindability and strength, but fairly 
good resistance to sodium sulfate and the highest degree of volume- 
constancy (expansion under moist conditions, contraction in air, and 
thermal expansion) (Table 4). 

6. The siliceous rocks as a group exhibit low grindability, strength, 
and sulfate resistance, but low contraction upon drying. In this 
group, waste asbestos rock is exceptional in that it exhibits the highest 
sulfate resistance and highest contraction of mortar upon drying of 
all puzzolans (Table 4). 

7. Of the various tests proposed to determine the activity of a 
puzzolan, or its ability to combine with lime, the compression test on 
puzzolan-lime-sand mortar cured at 130° F. between the ages of 1 
and 28 days provides a fair indication of the contribution of the puzzo- 
lan to the strength at later ages of mortar containing the portland- 
puzzolan cement (Table 3). 

8. The highest degree of activity is exhibited by the diatomaceous 
silicas, followed in order by the voleanic silicas, clays, siliceous rocks, 
and limestones (Table 1). 

9. No definite relation is apparent between the chemical composi- 
tion of puzzolan and the properties of portland-puzzolan cements in 
mortars and concretes; but in general as between active puzzolans it 
appears that the higher the silica content the higher the strength and 
sulfate resistance of the portland-puzzolan cements in mortars and 
concretes (Tables 1 and 4). 

10. In general, the lower the specific gravity of puzzolan, the better 
the strength and sulfate resistance of the corresponding portland- 
puzzolan cement in mortars and concretes. However, small differ- 
ences in specific gravity do not appear to be significant. 

11. For portland-puzzolan cements containing each of six puzzolans 
blended both in the raw and in the calcined state, calcination of the 
puzzolan at 1450° F. affects but little the grindability of cement and 
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the tensile strength of mortar, but decreases considerably the contrac- 
tion of mortar upon drying. Calcination of the puzzolan increases 
greatly the sulfate resistance for diatomaceous earth and clay, but 
lowers considerably the resistance for pumicite and tuff (Table 5). 


12. The optimum percentage of a particular puzzolan in portland- 
puzzolan cement necessarily depends upon the property of mortar or 
concrete under consideration, as well as upon the type of clinker. In 
general, increasing the amount of puzzolan (up to 30 per cent) improves 
the grindability and increases the resistance to sodium sulfate, but 
decreases the strength and volume-constancy. On the whole, con- 
sideration of the foregoing properties indicates that the optimum 
amount of active puzzolans when blended with high-lime clinker is 
likely to lie within the limits 10 to 30 per cent (Table 8). 

13. With few exceptions, the portland-puzzolan cements are of 
greater fineness (more grindable) than the portland cements with 
which the puzzolans are blended, when ground under the same condi- 
tions for equal periods of time (Table 9 and 10). 

14. In general, the water requirement for fixed consistency of neat 
paste, mortar, or concrete is greater for portland-puzzolan cements 
than for the portland cements with which the puzzolans are blended. 
The greater the percentage of puzzolan, the greater the water require- 
ment (Tables 9 and 11). 

15. It has been observed that, in general, portland-puzzolan 
cements in concrete exhibit greater water-retaining capacity and 
greater resistance to percolation than the portland cements with 
which the puzzolans are blended (Table 12). 

16. In standard mortar, at the age of 3 months the groups of 
portland-puzzolan cements containing 20 per cent of diatomaceous 
silicas, volcanic silicas, and clays, blended with high-lime clinker, 
exhibit higher tensile strengths than that for the high-lime portland 
cement; and the group containing diatomaceous silicas also exhibits 
higher compressive strength (Table 14). 

17. Under conditions of air storage after moist-curing for 28 days, 
at the age of 3 months the tensile strength of standard mortar is 
higher for practically all of the portland-puzzolan cements blended 
with high-lime clinker than for the portland cements (Table 18). 


18. In relatively rich concrete, containing 1.5 bbl. of cement per 
cu. yd., at ages of 3 months and 1 year the portland-puzzolan cements 
exhibit relatively low compressive strengths as compared with the 
portland cements (Tables 13 and 14). In leaner mixes (1 bbl. or less 
of cement per cu. yd.), at the age of 3 months the compressive strengths 
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exhibited by the portland-puzzolan cements are in general higher than 
the strengths for corresponding portland cements (Table 15). 

19. Of the portland-puzzolan cements, at the age of 1 year the 
group containing volcanic silicas exhibits the highest compressive 
strength of concrete (Table 14). 

20. Part of any beneficial effect of a puzzolan may be that of a 
void filler, increasing the workability and density of the concrete, 
especially in lean or harsh mixes. Even the inert materials employed 
in portland-puzzolan cements produce higher compressive strengths of 
concrete than the corresponding portland cement reduced to the amount 
of portland cement in the portland-puzzolan cement (Tables 13 and 
14). It has been observed that, for equal consistencies, concretes 
containing portland-puzzolan cements are more*plastic than concretes 
containing portland cements. ; 

21. The range in modulus of elasticity of concrete is not great as 
between the various portland-puzzolan cements. On the average the 
modulus is about nine-tenths of that of the corresponding portland 
cement (Tables 13 and 14). 

22. No pronounced difference in absorption is apparent between 
coneretes containing the various portland and portland-puzzolan 
cements. For the concrete employed, the average value of absorption 
is about 7 per cent (Table 13). 


93. The unit weight of the concretes containing portland-puzzolan 
cements is on the average about 3 Ib. per cu. ft., or about 2 per cent, 
less than that for the corresponding portland cements (Table 13). 


24. The portland-puzzolan cements generate less heat than the 
portland cements with which the puzzolans are blended, the reduction 
in heat generation being roughly proportional to the percentage of 
puzzolan. A larger proportion of the heat is generated at the early 
ages for portland-puzzolan cements than for portland cements (Fig. 1). 


25. Considering portland-puzzolan cements containing 20 per cent 
of active puzzolan blended with high-lime clinker, at the age of 28 
days the ratio of tensile strength of standard mortar to the heat of 
hydration of cement is greater than that for the high-lime portland 
cement, and is equal to or greater than that for the low-lime portland 
cement (Table 16). 

26. The portland-puzzolan cements containing diatomaceous silicas, 
volcanic silicas, and limestones are more resistant to the action of 
sodium sulfate than are the corresponding portland cements, provided 
that the puzzolans are present in amounts greater than 10 per cent 
and up to 30 per cent, the limit of these tests (Tables 17 and 8). 
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27. On the whole, as between portland-puzzolan cements the highest 
resistance to the action of sodium sulfate is exhibited by those con- 
taining the diatomaceous silicas, followed in order by those containing 
volcanic silicas, limestones, clays, and siliceous rocks. Clay C and 
waste asbestos rock (a siliceous rock) are more resistant than the 
remaining puzzolans in their respective groups (Table 17). 


28. The contraction of mortar upon drying is greater for the port- 
land-puzzolan cements than that for the corresponding portland 
cements; but for only three of the portland-puzzolan cements con- 
taining 20 per cent of puzzolan blended with high-lime clinker is the 
contraction greater than that for the low-lime portland cement 
Table 18). 


29. The mortars containing lime, whether in the form of limestone 
dust interground with the portland cement, in the form of quicklime 
or hydrated lime added separately to the portland-puzzolan cement 
during manufacture, or in the form of limestone aggregate, exhibit 
considerably less contraction upon drying than the mortars containing 
siliceous materials (Table 18, text, Fig. 2). Portland-puzzolan cements 
containing limestone also exhibit low expansion with time under moist 
conditions and low thermal expansion. 


30. Under various conditions of testing in all of which 114 by 1% 
by 12-in. mortar bars are exposed to drying in air of 50-per cent rela- 
tive humidity at 70° F., for a wide variety of cements a consistent 
relation exists between the gross contraction at later ages and that 
after relatively short periods of drying. For fixed conditions of test, 
it appears that such a relation may be established and thereafter 
employed to predict the ultimate contraction from short-time tests. 


31. Higher resistance of concrete to the action of freezing and 
thawing is exhibited by five portland-puzzolan cements containing 20 
per cent of puzzolan blended with the high-lime clinker than that 
exhibited by the high-lime portland cement. Of these five portland- 
puzzolan cements, the highest resistance is exhibited by oil-impreg- 
nated diatomaceous earth, followed in order by tuff, clay A, clay C, 
and basaltic tuff (Table 18). 
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March 1933; (review) JOURNAL Amer. Conerete Inst., November-December 
1933 (Proc. vol. 30), pp. 529-530. i 

3. Grun, R.: “Cement with Pozzolanic Admixtures,” Proc. International Assn. 
Testg. Mat., Vol. 1, 1931; translated by U.S. Bur. Ree. in Tech. Memo, 419, 
Denver, 1934. 

4. Menzel, Carl A.: “Strength and Volume Change of Steam-Cured Portland 
Cement Mortar and Concrete,” JournaL Amer. Concrete Inst., November- 
December 1934 (Proc. Vol. 31), pp. 125-148. (Shows effect of finely divided 
silica upon properties of mortar and concrete). 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for M arch-April 1936. Discussion should 
reach the Secretary by February 1, 1936. 


Discussion of a paper by P. H. Bates: 


‘““TRENDS IN THE PRODUCTION AND USE or VARIOUS 
Types oF HYDRAULIC CEMENTS’’* 


CONVENTION DISCUSSION 


Robert W. Lesley (Philadelphia): I do not want to get into the dis- 
cussion, but I do want to pay a compliment to the very interesting 
paper we have heard today. It sets one of us antiques to thinking. 
Having been associated with and been personally one of the earliest 
manufacturers of cement in this country, I believe from the beginning 
that portland cement manufacturers had something more than money 
to go for; they had a reputation to make for a new commodity in 
this country. When I started in manufacturing cement, I think the 
total output was about 5,000 barrels, and in my short lifetime I have 
seen it grow to 175 million barrels; certainly the baby born many years 
ago must have lived a decent and respectable life. Now Mr. Bates 
gives us a 98 per cent perfection. 

Taking that figure and the fact that, as near as I can gather from 
random figures—some of them before my time—we have probably 
used more than a billion barrels of cement in every kind of work, 
under all conditions of weather, all conditions of sand and stone and 
human labor—yet our speaker gives us a ninety-eight per cent per- 
fection.| Who of us would not like to go to a college or school and 
come out with a diploma like that? I call it a mighty fine record, and 
when I talk to Mr. Bates he is frank enough to say, which most people 
have been forced to say, that the fault was not with the cement 
but generally with other elements that enter into the use of cement. 

When we think that in the construction of a building such as this, 
nearly everything is brought to it in a state of completion—if these 
columns are steel or iron, they are brought here as a finished product, 
but if they are concrete, you bring the cement here as one element, 
the sand as another, the water as another element and the rock as 
another element, and then throw human labor into their midst. 


*Presented at the 31st annual convention, New York, Feb. 19-21, 1935. JournaL, Amer. Concrete 
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That is a very serious combination when you manufacture columns 
and girders and beams to carry a building ten stories high, five stories 
high or three stories high, and manufacture the carrying members on 
the site subject to all the elements of weather, labor and every other 
condition. So, while I may be old fashioned, may be dug out from the 
ruins, but still I do say here, and I am sure Mr. Bates will agree with 
me, that we have made a pretty darned good showing for the material 
which you gentlemen are all interested in. I was the first chairman 
of the Committee on Concrete and Reinforced Concrete and I think 
I was one of the first gentlemen who formed this Society; I know I was 
a charter member of the American Society for Testing Materials, and 
maybe I was fool enough, having a brand of cement of our own that 
we could get a quarter of a dollar more for, to be the first man to 
preside over C-1, the committee that makes the specifications for 
cement. I was putting my own self out of profitable business to get 
something that would be standard in this country. So when Mr. Bates 
speaks of the good old standard cement I am with him to the last point. 
When we come to the “‘57” varieties of cement, more or less, all I can 
say is God help the cement manufacturers and the cement consumers 
and the reputation of a well established product made carefully, made 
with honor and sold upon honor to the consumer at large. I am against 
all the modern methods and the new untried tests that have been 
devised and on what test of time is not known. Proposers talk not only 
of the materials that enter into cement by the ordinary mechanical 
processes, but the proportional compounds in a barrel of cement. The 
gentleman charged with the examination of the 2,000 cement labora- 
tories in the United States, was frank enough to tell us that he had 
examined a thousand of them, and another thousand he had not got to 
yet and many of the first thousand he found defective. If we come to 
complicating our tests and our specifications, we must have the labora- 
tory perfect; all the material in the laboratory must be perfect; the 
chemicals used in making all these new analyses must be in absolutely 
perfect condition, certified by the manufacturers; and then we have 
the perfection of test methods and machines; last of all it might be well 
to have a test, the old army test, for human intelligence, of the men in 
the laboratories. It seems going a little far, but while we are testing 
everything, let us test them, and then we will have some kind of record 
that we can go to bat with. I still stand on the feeling that, after more 
than 50 years of manufacturing and a billion barrels of cement with a 
failure of two per cent which is not yet traced absolutely to the cement, 
that the good old cement can stand the racket. We will make any 
darned thing anybody wants, if he is willing to take the risk. 


Discussion of a paper by Benjamin Wilk: 


“Aico EARLY STRENGTH CEMENTS IN CONCRETE 


Propucts MANUFACTURE’’* 


CONVENTION DISCUSSION 


J. C. Pearson (Director of Research, Lehigh Portland Cement Co., 
Allentown, Pa.): This difference Mr. Wilk has pointed out in the 
behavior of high early strength cement in sustaining its efficiency at 
alter periods, is interesting. As a first consideration, I do not doubt 
that the early cessation of curing is one of the reasons for that sus- 
tained difference. However I think there is another factor which 
involves the fineness, and perhaps focuses our attention on that 
special phase of high early strength cement. I know in the old 
days we had experiments in which two hundred mesh material was 
sieved out of the cement and the coarse residue made up into neat 
or mortar briquettes, and it was found that the neat briquettes devel- 
oped very little strength, and the mortar briquettes almost none at 
all. From this it was concluded that the coarse particles had no 
cementing value, and that as much as fifty per cent of the cement 
might be regarded as inert aggregate. We know now that those 
clinker particles are far from being inert, but when you have a 
large area of aggregate to coat, as in these block mixtures, it is quite 
obvious that the coarse particles have little value. If they were 
ground up into fine cement, then they would contribute more of the 
real paste which does the gluing act. To show how much more that 
can be, even when the quantity of high early strength cement is 
reduced, I have prepared for my own amusement a couple of tubes 
here which show the regular cement and the high early strength 
cement, each of them separated into different sized particles by means 
of air separation, and then packed into the tubes in the same pro- 
portion in which they occur in the two products. You can see from 
the different colors how much the so-called flour of the cement is 
increased. These happen to be two cements made at one of our 
plants in which the difference in fineness is the striking thing. The 
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point is that the quantity of the flour in the high early strength 
cement is much greater, so that even if you reduce the total amount of 
the early strength cement by twenty-five per cent, as Mr. Wilk did, 
in order to get the two cements on the same cost basis, you still have 
more flour and therefore more of the kind of paste which is really 
effective in these lean mixtures. Thus the compressive strengths 
given by Mr. Wilk show an actual efficiency (that is, strength per 
pound of cement) for the early strength cement about 60 per cent 
higher than that of the regular cement, whereas its cost, as just stated, 
is only 25 per cent to 30 per cent higher. 


(To be concluded in November-December JOURNAL) 


Discussion of a paper by Inge Lyse: 


“RFFECT OF BRAND AND TYPE OF CEMENT ON STRENGTH 


AND DURABILITY OF CONCRETE’’* 


CONVENTION DISCUSSION 


D. L. Snader (Stevens Institute of Technology, Hoboken, N. J.): I 
should like to ask Professor Lyse whether he means to indicate that 
freezing and thawing are the only factors involved in durability? 

Professor Lyse: No; with the durability index we refer only to this 
particular type of test, that is freezing and thawing. In structures 
subjected to other durability exposures, we ought to have other indexes. 

President Bates: Professor Lyse, some of your conclusions interest 
me extremely. Will you read your No. 15? 

Professor Lyse: ‘Variation in strength and durability of these 
different cements was probably more due to the method of 
manufacture of the cement than to any other cause.” 

President Bates: Do you include composition among other causes? 

Professor Lyse: Yes sir. 

President Bates: I am glad to have you say that. I think we will 
realize more and more that we are going to improve portland cement 
more by manipulation in its manufacture than by its compounds. 
We are getting lots of proof of that; it is something for the manufac- 
turer to begin to study. 

Professor C. H. Scholer (Kansas State College, Manhattan, O02) Saeed 
think it is for some eight years that I have been testing concrete by 
freezing and thawing. I think in two or three more years I won’t 
dare to say any more about the variables connected with cement. 
There are a lot of variables in the freezing and thawing test. In gen- 
eral, the trends follow Professor Lyse’s claim—as the cement content 
increases the durability increases; it follows the water-cement ratio 
law as does the strength relationship. Yet, if you want to pick 
out by the freezing and thawing test, which brand of cement to 
use, then run only one test. If you run two tests, you won’t 
know so much about it, and by the time you have run three or 


*Presented at the 31st annual convention, American Concrete Institute, New York, Feb. 19-21, 
1935. Journau Amer. Concrete Inst., Jan.-Feb. 1935; Proceedings, Vol. 31, p. 247. 


(119) 


120 JOURNAL OF THE AMERICAN CONCRETE InstitutE—Proceedings 


four tests you will almost give it up. We found on some of our tests 
a very remarkable and outstanding durability indicated by a certain 
brand of high early strength cement. We duplicated those tests with 
what we thought was better control than before, and revised our judg- 
ment considerably. There had been some change made in the manu- 
facture of that cement in the meantime. Our results generally indi- 
cate that all the high early strength cements show remarkably high 
durability on freezing and thawing tests, and our results with high 
alumina cement have in general been very outstanding, probably 
more so than with any other cement: Among the lower strength 
cements variations in the freezing and thawing test are greater. 
The degree of exposure, the rate at which the heat is transferred, 
the thawing temperature and probably the critical temperature range 
which you get from. the low end of the freeze to the high point of the 
thaw vary the severity of the test. We have taken specimens, put 
them in water, and run the water through the same temperature 
changes without freezing, and broken the concrete down from that 
condition alone. With such a test procedure the aggregate used will 
make a lot of difference. Before drawing conclusions about the kind of 
cement to use, select your aggregate, because it is probably going to 
have a larger effect than your cement—we have some very bad 
aggregates in Kansas, almost as bad as in some other states. Prob- 
ably the treatment of the cement in manufacture has an important 
effect as Professor Lyse observed. Recently several outstanding con- 
tributions to the literature of freezing and thawing have come from 
Germany. I have had several of those translated. They are intensely 
interesting. A. S. T. M. Committee C-9 has some of them. 


President Bates: May I ask Professor Scholer if we must select 
durable aggregate also and run only one test? 


Professor Scholer: No, that is simpler. The product from most 
aggregate sources is so variable that you must run tests frequently. 

Professor Lyse: We took every precaution we could think of to 
insure uniformity. We had the same water content, we used the same 
type of aggregate for all the tests and had all the specimens submerged 
completely; we also had them frozen and thawed on the same day; 
that is, they all went through the same cycle of freezing and thawing 
under identical conditions, so that variations in the test procedure 
were thus reduced to a minimum. The only thing we necessarily 
had to vary was the ratio between the cement and aggregate as we 
went from a lean to a rich mix. 


(To be concluded in November-December JOURNAL) 


Discussion of a paper by Hardy Cross: 


“Way Continuous FRAMEs’’* 


BY ARTHUR G. HAYDENT 


I am interested in the statement by Prof. Hardy Cross at the con- 
vention that hinged articulation just above the footing of a concrete 
rigid frame bridge is preferable to continuous construction from base 
of footing to base of footing. 

I share the general feeling among engineers that Professor Cross is 
one of the most practical as well as one of the profoundest thinkers in 
the field of structural analysis. Thus, his statements will be accepted 
almost without question and for that reason I feel impelled to state 
why I differ from him upon the point of articulated hinges in rigid 
frame bridges, such as we have developed in Westchester and such as 
were under discussion. 

In the design of our concrete frame bridges we recognized that 
without hinged articulation above the footing there was some uncer- 
tainty about the stresses due to the fact that it is impossible to locate 
precisely the point on the base through which the resultant reaction 
will pass. It is certain, however, that unless the footing can be fixed 
at the base so that rotation is effectively prevented (which would be 
impractical construction) the resultant reaction cannot by any possible 
means pass outside the base. Unless we posit infinite soil pressure 
resistance, the reaction must come some distance in from the edge of 
the base. Stresses may therefore be analyzed for extreme conditions 
as for reactions falling between the edges of the base and we may be 
sure that such stresses can never be exceeded. If we proportion the 
structure for these “‘outside’’ stresses and find that the economic loss 
in materials does not exceed the cost of hinged articulation, there can 
be no advantage in providing physical hinges. We have as a matter of 
fact found that, up to 80-ft. span at least, hinges are unnecessary and 
that construction may be simplified by omitting them. 

In the design of our earlier structures we analyzed the stresses for 
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the worst possible conditions until we were convinced that such pre- 
cision was unnecessary and that an analysis based upon the assumption 
that the reaction point was near the middle of the base for all sections 
was as accurate as need be. There is no doubt in my mind, therefore, 
that articulation is purely an academic desideratum and has no place 
in practical construction of short span frame bridges. 


(To be concluded in November-December J OURNAL) 


Discussion of a paper by B. Moreell: 


; 
‘ARTICULATIONS FOR CONCRETE STRUCTURES—THE 


MeEsnaGEeR HINGE’’* 


CONVENTION DISCUSSION 


Chairman Alfred E. Lindau (Chicago): I am sure that you have 
enjoyed this paper. Perhaps some of your prejudices, if any have 
accumulated through the years, against this type of hinges or articu- 
lation, may have been removed by Commander Moreell’s exposition 
of this work. Are there any questions you want to ask him? Well, 
I want to ask one: Was it important, or apparently important, from 
your tests that the stirrups or the lateral reinforcement be in intimate 
contact with the main bars? Was it worth while welding them at 
that point? Suppose they were placed carelessly and away from the 
bar, and some concrete or something got in between, might that cause 
failures, secondary failures, in the concrete? 

B. Moreell: If you refer to the tests of the hinged blocks made at 
the Bureau of Standards, I think it was very important that the lateral 
reinforcement be in intimate contact with the hinge bars themselves, 
because we found that a variation in location and in the amount of 
the lateral reinforcement affected materially the strength of the hinge; 
in other words, the critical condition there appeared to be the lateral dis- 
tension of the block, and that was prevented by effective lateral rein- 
forcement. If you refer to the lateral reinforcement in the tests of the 
arch at the Washington Navy Yard, that arch is not an economical 
arch and Professor Cross made a statement which explains the 
reason. It is not an economical arch because the architect would 
not let us make it that. We wanted to use something that approached 
more nearly a parabolic arch, but they said that was not beautiful, so 
we designed an arch, whose center two-thirds is parabolic, and then 
went into a two-center arch, so that the dead load funicular polygon 
deviates considerably from the axis of the arch. When we consider 
the possibility of buckling of the hinge steel in that arch, it is not 
very great. The critical stress is on the tension side of the arch rib, 
and that is where failure occurred. 
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F. E. Richart (University of Illinois): To pursue that point a little 
further—lI notice that three of the test hinges described showed cracks. 
I wonder if that was due to the lack of adequate lateral restraint by 
the bars? While I am on my feet I will ask another question. To use 
Mr. Moreell’s words last year, ‘I may be sticking my neck out,’’ but 
since we don’t usually have the playful custom they have over in 
Europe, I will try it. The angle of rotation used in these tests was 
something like two-hundredths of a radiant. When I first looked at 
that it seemed an enormously large rotation in a rigid frame bridge. 
If one wanted to use hinges of this kind, he would run into rotations 
of thousandths of a radiant rather than hundredths. I wanted to 
ask if those were much larger than would be had in practice, or whether, 
because of this flexible type of structure, they were of the nature you 
would have in service? 

B. Moreell: In reply to Professor Richart’s first question, he sup- 
plied the answer himself by his tests on reinforced concrete columns. 
In other words, the stress condition in the hinge block is similar to 
that in spirally reinforced concrete columns—you can make the 
column very flexible and very strong by adding additional lateral 
steel. Apparently we did not place enough lateral steel in these 
blocks to place the critical point in the hinge opening; that is, when 
the bars at the hinge opening were covered with mortar, the critical 
point was in the block, and the strength was dependent upon the 
lateral steel. 

Now in regard to the magnitude of the rotation; Mesnager stated 
that a rotation of 0.0065 of a radiant would be rarely encountered. He 
calculated that as the probable maximum, but he was thinking about 
bridges and he was thinking about bridges with parabolicribs. That is 
probably true for that kind of structure, but when we go to astructure 
such as we had here, we do not have a rib which conforms to the load 
thrust lines—we get larger rotations, and, as I recall it, in the actual 
calculation of stresses in this arch, we found a maximum rotation at 
the crown hinge of a little more than 0.02 of a radiant under our design 
loads. We tried to assume conditions which would take care of a 
maximum variation of probable conditions, and so in designing this 
arch we analyzed the stresses for various values of the modulus of 
elasticity of concrete, assuming that under the dead load it might vary 
anywhere from 10 to 40, and under the live load anywhere from 10 to 
20, and we calculated the stresses in the rib and also the rotations of 
the hinges under all of these conditions to be sure that we had them 
all covered. 


(To be concluded in November-December JOURNAL) 


Discussion of a paper by Messrs. Ruettgers, Vidal and Wing: 


““AN INVESTIGATION OF THE PERMEABILITY OF MAss 
CONCRETE WITH PARTICULAR REFERENCE TO 


BouLpER Dam’’* 
BY M. MARYT 


COMPARISON OF THE OBSERVED PHENOMENA 


Concrete permeability tests have been made at the Ponts et Chaus- 
sees Laboratories and two articles have already been published in 
the Annales des Ponts et Chaussees (March-April 1933 and November- 
December 1934+ issues). For these tests, the general procedure did 
not differ materially from that used by the Bureau of Reclamation. 
However, the inflow of water was not measured; only the outflow was 
recorded. A few observations are suggested by the comparison of the 
results: 

In general the concretes tested by the Ponts et Chaussees Labora- 
tories were much more permeable than those used by the Bureau of 
Reclamation. 

In most of the tests water appeared on the underside of the speci- 
mens immediately after the pressure was applied and the rate of 
flow decreased rapidly as indicated by the curve shown in Fig. 1. 
We also obtained results approximating the trend of the curve shown 
in Fig. 2, which corresponds to less permeable concrete, but even for 
the latter the rate of flow was greater than recorded by the Bureau 
of Reclamation. For the most impermeable specimens the coefficient 
K, x 10” according to the definition given by Messrs. Ruettgers, Vidal 
and Wing, did not drop much below 500 (American units) and for the 
more permeable ones it reached 50,000. 

A comparison of the concretes used in each laboratory does not 


explain these differences. 


*JouRNAL, Amer. Concrete Inst., Mar.-Apr. 1935; Proceedings Vol. 31, p. 382. 

+Engineer at Ponts et Chaussees (Department of Roads and Bridges) France. 

{Reviewed by B. Morwexy, Journau Amer. Concrete Inst., May-June 1935; Proceedings Vol. 31, 
p: 571. 


(125) 


126 JoURNAL OF THE AMERICAN CONCRETE InstituTE—Proceedings 


The factors appearing to control the permeability of concrete are 
the following: 

(a) The Quantity of Cement—It seems to be the same magnitude in 
both cases; 10 per cent to 12 per cent by total weight of the dry 
materials. 

(b) The Grading of the Aggregates—Our tests indicated that only 
the grading of the particles smaller than 0.5 mm. (passing a No. 
28 sieve) influenced the permeability, and even then the amount of 
very fine elements in the mixture must be considerable (from 4 per 
cent to 5 per cent of the total weight of dry materials passing a 300 
sieve) in order to affect the permeability appreciably. It does not 
appear that the concretes used by the Bureau of Reclamation were 
studied in this connection. 
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(c) The Maximum Size of the Coarse Aggregate—The maximum size 
of the aggregate used at the Ponts et Chaussees Laboratories was 50 
mm. The results therefore should lie in the midst of those obtained by 
the Bureau of Reclamation. 

(d) The Age of the Specimens—Little difference exists between the 
specimens of the two laboratories. 
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(e) Method of Curing—Some of the specimens of the Ponts et 
Chaussees Laboratories were cured in air, some under water and some at 
the variable temperature and moisture content of the atmosphere. 


Curing under water, because of the swelling of cement, gives better 
results than air curing. Specimens cured in air and tested with dis- 
tilled water gave a rapidly decreasing rate of flow as shown in Fig. 1. 
This phenomenon indicates that the percolation of water through 
concrete rapidly reduces the flow. 

The method of curing used by the Bureau of Reclamation seems to 
hold a middle course between air and water curing. However, our 
specimens cured under water have a higher coefficient of permeability 
than those of the Bureau of Reclamation. 


(f) The Water-Cement Ratio—According to the tests of the Bureau 
of Reclamation, this ratio has a considerable influence on permeabil- 
ity. Laboratory specimens of very dry concrete are much less per- 
meable than for the wet mixes. Comment on these results and their 
practical application will be delayed. 

Our tests have given similar results although they were limited to 
water-cement ratios between .70 and 1.0, as it seems to us impossible 
to use drier mixtures without obtaining an unsuitable consistency, 
except of course for mixtures very rich in cement. 

The several differences outlined above, particularly the very low 
water cement ratios used by the Bureau of Reclamation explain 
partially the difference in the results obtained. 

There is still an important gap which we have not been able to 
explain. It is possible that this difference is due to differences in the 
characteristics of the cements used. Comparative tests in this respect 
would be very instructive and would no doubt be a valuable contri- 
bution to the Sub-committee on Special Cements of the International 
Commission on High Dams. 

The experiments conducted at both laboratories are in complete 
agreement with regard to dissolution of cement by percolating water; 
the phenomena observed are the same and the lime concentrations 
are closely comparable. 


REMARKS ON THE GENERALIZATIONS AND CONCLUSIONS OF 
RUETTGERS, VIDAL AND WING 


(1) The authors state (page 398) that one of the principal reasons 
for making permeability tests is the study of the decomposition of 
cement by percolating water. I am in full accord with their views; 
I even believe it is the only reason, for permeability tests of concrete 
do not seem to have much bearing on the water-tightness of structures. 


128 JoURNAL OF THE AMERICAN CONCRETE InstiIruTE—Proceedings 


Percolation through concrete structures is of two kinds; that which 
passes through large openings (honeycomb, various imperfections of 
placement, cracks) which are by far the most important, and that 
which follows the capillary channels inherent in concrete generally 
conceived as homogeneous and dense and which characterizes and 
defines the technical term “‘permeability of concrete.” 


Considered in this limited sense, the permeability of concrete plays 
but a secondary role in the general problem of making structures 
water tight if one considers merely the total amount of water given 
passage. The study of this property is of importance only if one con- 
siders with it the progressive destruction of concrete by percolating 
water and the outside agents. As slow as it might be, percolating 
water dissolves considerable quantities of lime. - 


(2) Can the coefficient of permeability K, serve as a means for serious 
comparison of results obtained by different investigators? Is it 
sufficient to apply a corrective factor to the readings to take account 
of end conditions? It seems very doubtful to us. Tests indicate 
that percolating water modifies very seriously the physical and chem- 
ical structure of concrete; water swells the cement particles and 
renders it less permeable; on the other hand it dissolves a part of the 
free lime of the cement and causes a transfer of lime to the interior 
of the mass, and in addition, if the water is calcareous, even to a light 
degree, it forms on the surface of the test specimen a thin impervious 
shell of carbonate of lime. The specimen consists then of a series of 
layers very dissimilar in their characteristics and possessing unequal 
permeability. 


Depending on the test procedure used and the characteristics of 
the specimen, there seems to be no reason to expect that correction 
coefficients will actually make the specimens comparable. All the 
more reason why the coefficient of permeability obtained by tests 
does not appear to us as being applicable to actual structures. 


(3) The trend of curves of percolation show that long time tests 
are necessary to fix the coefficient of permeability. Under such condi- 
tions, is it possible to establish the age of the structure which corres- 
ponds to that of the test specimen used in determining KI At is not 
likely. 

Under the circumstances, it seems to us that when two concretes 
are compared for percolation, it is better to compare the curves in 
their entirety rather than to limit the comparison to a single arbitrary 
point, corresponding to a time when the concrete has been materially 
altered by the passage of water. 
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(4) The paper lays great stress on the influence of the water cement 
ratio. All laboratories are in accord on this point, but unfortunately 
their results are not in agreement with those obtained in the field. 

Current observations show that structures in which the concrete 
was of high fluidity are much less pervious than those in which dry 
concrete was used even when thoroughly tamped or vibrated. 

This result is attributable first of all to the inevitable shortcomings 
of the methods of tamping. It is true that the paste might be better 
compacted and less permeable in places where it is properly tamped 
but the carelessness of a workman, a bad joint or a nest of large stones 
is all that is needed to create a leak much more important than the 
percolation resulting from the use of a slight excess of mixing water. 

In fact, for massive structures, we are of the opinion that reasonable 
excess of mixing water can have a beneficial influence on the quality 
of the concrete since the hardening process takes place in the midst 
of a damp medium which results in a slight increase in strength and a 
considerable lowering of the permeability. Therefore we think that 
engineers will not accept literally the laboratory teachings that a dry 
concrete is less pervious than a plastic or fluid one. 


In general, the laboratory does not take account of a great many 
factors which in practice are often preponderant. This discrepancy 
is particularly striking with regard to permeability tests. In attempt- 
ing to produce water tight structures, it is better to guard against 
possible defects by increasing the amount of cement slightly than by 
reducing the quantity of mixing water. 


BY R. W. CARLSON* 


The authors have presented the most adequate treatise on permea- 
bility of concrete that has been published thus far. Their paper is 
in line with the growing attention to permeability of concrete for 
important structures. Therein may lie the solution of many mass- 
concrete problems. In particular, the aim should be to obtain an 
impermeable concrete which has a minimum potential volume change 
due to temperature, moisture, and other changes. In general, this 
means attempting to secure an impermeable concrete with the mini- 
mum cement and water content. 

One of the outstanding facts demonstrated by the authors is that 
the hydration of cement in concrete may reduce the rate of water 
percolation by ten thousand times. To understand this clearly, one 
must appreciate the remarkable manner in which cement hydrates to 


*Associate Professor of Civil Engineering, University of California. 
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form gel, principally calcium silicate gel. Some discussion of the gel 
may, therefore, be pertinent. 

Studies at the Massachusetts Institute of Technology indicate that 
this gel is porous and sponge like, but not like gelatin gel, for it has a 
rigid structure such that when it is dried, it maintains its size and shape, 
except for a relatively small contraction, and the moisture merely 
leaves the pores. Thus, while the absolute solid volume of the gel is 
only a fraction larger than the solid volume of the crystalline silicates 
in the cement grain from which the gel was produced, the actual gross 
volume of the gel may be two or three times the original volume of 
the silicates from which it was produced. This is important because 
the pores in the gel are ordinarily so small as neither to permit appre- 
ciable percolation of water nor to permit contained water to freeze. 
In fact, if the gel could be magnified a thousand diameters, the pores 
would still be too small to visualize. The pore sizes can only be deter- 
mined indirectly, from capillary behavior, for example, and are 
therefore subject to the uncertainty of assumptions which must be 
made. It is clear, however, that the pores exist and that they are too 
small to be visible even in the highest powered microscopes. The 
pore space in good concrete as determined by the ordinary absorption 
test is made up largely of the minute pores in the gel. 

A remarkable property of the gel seems to be its ability to grow out 
from the cement grain into whatever inter-particle pores which may 
be present. Petrographic studies have indicated that a cement 
particle does not increase in diameter symmetrically upon hydration, 
but that the gel extends from the particle into what space is available 
without exerting any substantial expansion pressure. 


The growth of the gel from a cement particle is limited and therefore 
only reasonably small pores can be filled by the gel. Petrographic 
studies indicate that while the growth of gel continues for months or 
years when moisture is present, in the usual 28-day period, the gel 
is able to fill completely inter particle pores of about 10 or 15 microns 
in diameter (less than one thousandth inch). 


BY PAUL T. NORTON, JR.* AND D. H. PLETTAT 


While appreciating the invitation to discuss this excellent paper, 
we have found it necessary to make our discussion general rather than 
specific because of the great difference between the purposes and 


*Professor of Industrial Eng., Virginia Polytechnic Institute, Blacksburg, Va. 
"i et. Professor of Applied Mechanics, Virginia Polytechnic Institute, Blacksburg, Va. Member 


1’The Permeability of Gravel Concrete,’ JOURNAL Amer. Concrete Inst., May, 1931; Proceedings 
Vol. 27, p. 1093. 
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methods of this project and of our own.! We are particularly inter- 
ested in Fig. 2 and 3 and the statement that “inflow and outflow 
measurements after correction showed approximate agreement’; also 
the reasons why inflow measurements were used in this project in 
computing permeability coefficients. In the present project apparently 
there was always sufficient visible outflow to make it possible to use 
the outflow method, but the outflow method would fail completely 
in cases where there was no visible outflow because the outflow was 
less than the maximum evaporation, and this vapor would be lost 
each time the jar was removed from the funnel for successive measure- 
ments. The inflow method has one great advantage. With this 
method a number of mixes of low permeability, none of them having 
visible outflow, may be compared at any age and with any curing 
method. In our own tests we found great differences between the 
inflow of various mixes, none of which had any visible outflow. In- 
vestigators using the outflow method have sometimes found it neces- 
sary, therefore, to use either very lean mixes or make the tests at 
a very early age to secure an outflow that could be satisfactorily 
measured. 

The analysis of the effect of length of specimen and end condition 
is very interesting and may explain some of the differences in the 
results obtained by various investigators. In our own project the 
ends of the specimens were wire brushed as they were removed from 
the molds 24 hours after casting. If the “U. of Wis. Gravel Test” 
data shown in Fig. 9 refer to our work, there are apparently some 
errors in this table, for none of our specimens were 12 in. long (unless 
this length has been corrected for a 3 in. length due to end condition 
at each end) and the specimens tested at 39 days were subjected to 
only 40 p.s.i. We should be glad to know whether these particular 
data in Fig. 9 refer to our work, and if so how the conversion factors 
were determined. 

In our own work, with permeability specimens approximately 944 
in. in diameter, permeability results were much more erratic for mixes 
with 2 in. maximum aggregate than for mixes with 114 in. maximum 
aggregate. We understand that in the present project specimens 18 
in. in diameter were cast with 9 in. maximum aggregate and are 
wondering whether any special procedure was used in placing the 
concrete in the molds. 

There is also doubt in our minds as to how the coefficients K, and 
K, were computed. In dividing these coefficients by the absolute 
volume of the mixing water and paste respectively, was the volume 
that for actual specimen or for a cubic foot of concrete? 
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The absorption curve in Fig. 2 increases for about 300 hours. We 
are wondering whether this test was made under pressure, for in 
our tests dried specimens attained constant weight after about 50 
hours, when merely immersed. 

The authors deserve to be complimented on this piece of research, 
especially for the way in which they have applied their results to a 
practical job. 


(To be concluded in November-December JOURNAL) 


Discussion of a paper by Messrs. Blanks and McNamara: 
“Mass C Ab L C " 
ASS CONCRETE JESTS IN LARGE UYLINDERS 


Publication of this discussion, now closed, is postponed. Readers are referred to the 
JouRNAL for November-December, 1935.—Ep1Tor 


Current Reviews 


of Significant Contributions in Foreign 
and Domestic Publications, prepared by 
the Institute’s corps of Reviewers. 


Competition for designs for working-class flats in reinforced 


concrete 
Concrete and Constructional Engineering, Vol. XXX, No. 4, April 1935, pp. 218-231. 
Reviewed by GLENN Mourpuy. 


Results of the competition for designs for working-class flats, promoted by the 
Cement Marketing Co. Ltd., and discussion of the winning design. 


The statics of bridge design 


G. Dunn, Concrete and Constructional Engineering, Vol. XXX, No. 5, May 1935, p. 285-292. 
Reviewed by Gupnn Mourpxy,. 


Concluding number of a series, dealing with combined thrust and bending. 
Methods, supplemented by examples and charts, for designing circular or polygonal 
arch sections. 


Charts for checking reinforced concrete sections 


J. P. Porter, Concrete and Constructional Engineering, Vol. XXX, No. 7, July 1935, p. 403-408. 
; Reviewed by GLENN MurpxHy. 


Charts showing the actual maximum concrete and tensile steel stresses plotted 
against M/bd? for varying ratios of compressive steel to tensile steel, for rectangular 
concrete beams in which n = 15. 


A circular staircase 


Concrete and Constructional Engineering, Vol. XXX, No. 6, June 1935, p. 344-345. 
Reviewed by GLENN Murray. 


Description of a reinforced concrete circular staircase with architectural details 
molded in situ. The structure is self supporting, and the steps and landings are 
cantilevered from an external hollow reinforced concrete wall. The internal diam- 
eter is 16 ft. and the height 34 ft. 


The statics of bridge design 


G. Dunn, Concrete and Constructional Engineering, Vol. XXX, No. 3, March 1935, pp. 175-191. 
Reviewed by GLENN MurpHy. 


Calculation of Rectangular Arch Sections, reinforced equally on the two faces. 
Methods, supplemented by examples and charts, for determining directly any one 
of the three variables (breadth, depth, and steel percentage) with the other two 
given. 
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Viaduct at Newport (Mon.) 


Concrete and Constructional Engineering, Vol. XXX, No. 3, March 1935, pp. 169-174. 
Reviewed by Guenn MurpxHy. 


Design features of a 600 ft. by 50 ft. s-shaped viaduct on the main London-Fish- 
guard road through Newport. The reinforcement consisted of I-beams, plates and 
bars, and was pre-erected, thus dispensing with shores and permitting normal use 
of the tracks below the viaduct during the construction period. 


Wind tunnel at Farnborough 


Concrete and Constructional Engineering, Vol. XXX, No. 5, May, 1935, p. 293-296. 
Reviewed by GLENN MurpHy. 


Description of a wind tunnel constructed for the Air Ministry at the Royal Air- 
craft Establishment for making tests on aeroplanes up to 56 ft. span and 8000 lb. 
weight. The construction was complicated by the necessity for smooth transition 
lengths where the section changed from circular to square, and for a smooth jointless 
finish throughout. 


The new code applied to design 


C. E. Reynoups, Concrete and Constructional Engineering, Vel. XXX, No. 3, April 1935, pp. 232-243. 
Reviewed by GLENN MURPHY. 


Continuation of a series. Discussion of general design of floor panels, calculation 
of bending moments, arrangement of reinforcement, beams, openings, partitions, 
and columns supporting flat slabs. Detail drawings of flat-slab construction, with 
calculation sheets for interior and end panels and internal and external columns are 
given. 


Austrian fatigue tests of reinforced concrete beams 

Engineering News-Record, Vol. 114, No. 20 May 16, 1935, p. 697. Reviewed by N. M. NEwMARK. 
Brief statement of conclusions drawn by R. Saliger, Technical University of 

Vienna, from tests concerning influence on reinforced concrete beams of repeated 

load applications. Dr. Saliger’s report has not yet been published. Apparently 

several million load changes, where the applied load was limited to 55 per cent of 

the breaking load, had very little effect on the ultimate strength of the beams. 


Extensive rock grouting at Boulder Dam 
Engineering News-Record, Vol. 114, No. 23, June 6, 1935, pp. 795-797. Reviewed by N. M. NEwMARK. 
Particular attention was paid in the construction of Boulder Dam to the process 
of grouting under the dam and in the abutments. By means of holes drilled in the 
rock foundation, neat-cement grout was forced into fissures and seams at pressures 
up to 1,000 p.s.i. In the penstock and outlet tunnels grout was forced through radial 
holes drilled through the concrete lining in order to fill any voids behind the lining. 
A review of the details of the grouting procedure is given in this article. 


The shear-area method 


Horace B. Compton and Cuayton O, DOHRENWEND, Proc. Am. Soc. C. E., May 1935, p. 605, Vol. 61, 
No. 5. Reviewed by H. J. GILKEY 


Explains and illustrates the use of the shear diagram for the solution of elastic 
functions of loaded beams in much the same manner as the moment diagram has 
been used in the method of moment areas. Certain advantages are pointed out. 
Such methods are especially useful in the solution of structural problems in concrete 
because of the indeterminate nature of many of the members and assemblies. 
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Practical notes on concrete making and placing 


G. Dunn and A. W. Laat, Concrete and Constructional Engineering, Vol. XXX, No. 3, April 1935, 
pp. 244-262. Reviewed by GLENN Murpuy. 


Improvement in construction methods has perhaps not kept pace with improvement 
in design methods in recent years. Higher quality construction will promote use of 
concrete. Article summarizes information which will be an aid to better construc- 
tion under the following heads: cement, sand, coarse aggregate, water, test cubes, 
proportioning, mixing, transportation, placing, curing and remedying defects. 


Underground waters and concrete construction 


F. W. Freis&, Concrete and Constructional Engineering, Vol. XXX, No. 3, March 1935, pp. 163-168. 
Reviewed by GLENN Mourpxy. 


Summary of field observations, supplemented by chemical analyses, over a 10- 
,year period on the action of underground waters upon concrete. Apparently the 
observations were made in Brazil. The ingredients considered are: humic acid, 
lactic acid, carbonic acid, sulphuretted hydrogen, sulphates, and chlorides. A 
description of the action of each of these upon concrete, and recommendation of 
preventive measures is given. 


Poles from centrifugal concrete 


Pauy ABELES, Zeitschrift des Osterr. Ing enieur-und Architekten-V ereines, No. 25-26, June 28, 1935, pp. 
147-154. Reviewed by Ince Lysp. 


The manufacture of centrifugally made concrete poles is described in detail, with 
sketches of reinforcement arrangements and types of form used. Detailed descrip- 
tion is also given of tests made at the Vienna Technical Institute and of the results 
obtained. Careful observations were made of strains and crack openings. Durability 
tests were also conducted. All tests showed that the centrifugal method produces a 
concrete of high quality. 


Cement macadam proves adaptable to unusual construction 


demands 


Engineering News-Record, Vol. 114, No. 24, June 13, 1935, pp. 845-849. 
Reviewed by N. M. Newmark. 


A cement macadam road at Camp Dix, N. J. built with salvaged sewage filter 
stone is described by Lt. William Whipple, Corps of Engineers, U. 8S. A., and an 
experimental cement-bound macadam pavement nearly a mile long near Camp 
Perry in Ottawa County, Ohio, is described by F. W. Stopher, Division Engineer, 
Ohio Dept. of Highways. Cores drilled from the Ohio pavement had an average 
compressive strength of about 2000 p.s.i. at 7 and 28 days. 


Reinforced concrete bridge over the Seine 


Concrete and Constructional Engineering, Vol. XXX, No. 5, May, 1935, p. 279-281. 
Reviewed by GLENN MurpBy. 


Design and construction features of bridge at La Roche-Guyon, said to be the 
largest arch bridge having a suspended floor. The main span is 528 ft. long with a 
rise of 75 ft. 6 in., and the width between parapets is 32 ft. 9 in. The ribs increase 
in depth from the springings to the crown to provide a maximum of flexibility, and 

‘to keep the maximum stresses approximately the same at all sections. The ribs are 
designed with a hollow cross section and spiral reinforcement. The design stress 
was 1280 p.s.i. for a concrete containing 670 lb. of cement per cu. yd. 


Photo elastic determination of shrinkage stresses 


. 4 . C. E., May 1935, p. 597, Vol. 61, No. 5. 
Howarp G. Smits, Proc. Am. Soc ay p To tueed Ue JaGiRer 


Stresses were applied to the ground portion of a monolithic bakelite model of dam 
and ground. Lines of constant shear and the direction lines of principal stress were 
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determined photo-elastically. The set-up was idealized in that the dam and ground 
were assumed to be homogeneous and isotropic and the results are intended merely to 
give to the designer a general feeling for the distribution of shrinkage stresses in a 
concrete dam, rather than to supply a true picture of actual conditions. The tests 
show high stresses between dam and ground at the heel and toe of the dam. 


French regulations for reinforced concrete 
Les Annales des Pénts et Chaussees, III, March, 1935. Reviewed by B. MOREELL. 
This issue of Les Annales des Ponts et Chaussees contains the new French Govern- 
ment regulations on reinforced concrete, promulgated by the Minister of Public 
Works on July 19, 1934. These regulations replace the regulations of October 20 
1906. While there are a few differences, the regulations are substantially in accord 
with the code proposed by the Association of Constructors in Reinforced Concrete, 
which was discussed in detail by the reviewer in the A. C. I. Journat for May-June, 
1934. (“Observations on European Practice in Concrete Design and Construction,”’ 
by B. Moreell, Proceedings Vol. 30, p. 391. 


. 


Progress of cement research during 1934 
C. R. PuatzmMann, Zement, No. 29 and 30, July 18 and 25, 1935. Reviewed by Incr LysE 
A comprehensive review of all important studies of cement during 1934 is presnted. 
in this paper. The size of the field is realized from the fact that a total of 116 refer- 
ences in German, English and French languages are given. The field is subdivided 
into different subjects. Section I deals with standard specifications and their changes 
during 1934. Section II discusses cement testing and analyses of cements, while 
Section III presents a review of scientific researches. New cement mills are described 
in Section IV, and the properties of cement and effect of admixtures in Section V. 
The paper is of great interest and assistance to anyone interested in cement. 


Design and tests of a vierendul truss of 28 meters span 
R. L’Hermire, Le Constructeur de Ciment Arme, Vol. 17, p. 97, May 1935. Reviewed by D. E. Parsons. 
The method of design and the testing of a reinforced concrete truss, approxi- 
mately 92 ft. long, are described. The truss consists of 8 panels, with nine posts con- 
necting the upper and lower chords. The posts are flared at the upper and lower 
ends sufficiently to include the diagonally placed tensile reinforcements which serve 
as the main ties. The positions of the points of inflection within each member sur- 
rounding a single panel are assumed in order to permit the estimation of secondary 
stresses. One-tenth scale models were tested, one being loaded at mid-span and 
another at a quarter point. The failures of the specimens are described. 


Floor panel test of Isteg reinforcement 


Concrete and Constructional Engineering, Vol. XXX, No. 6, June 1935, p. 350-352. 
eviewed by GLENN MuRpHY. 
Comparative load-deflection tests of two floor panels during the construction of a 
building in London. Each panel was 13 ft. 514 in. by 18 ft. 6 in., and was constructed 
as a hollow tile floor with 3 in. ribs 15 in. 0.c. The tiles were 12 in. by 12 in. by 5 in., 
and the thickness of the concrete slab above the tiles was 14 in. In one panel each 
rib was reinforced with two 5%-in. mild steel bars, while in the other panel the rein- 
forcement consisted of two 34 in. diameter Isteg bars. Deflections were measured 


under a load of 96.4 lb. per sq. ft. on each panel, but no large differences were noted 
in the behavior of the two panels. 
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Concrete placing methods on Chicago sewer tunnels 


Engineering News-Record, Vol. 114, No. 26, June 27, 1935, pp. 911-914. 
Reviewed by N, M. Newmark, 


This is the last of three articles describing the construction of 27 miles of intercept- 
ing-sewer tunnels in Chicago. Previous articles appeared June 13 and June 20, 1935 
in Eng. News Record. Tne tunnels vary from 17 x 17 ft. to 4.x 5 ft. inside of lining. 
This article describes the methods of placing the concrete lining developed by the 
various contractors. The form design consists solely of channel ribs behind which 
is built up longitudinal wood lagging just ahead of the rise of concrete. The form 
system is identical on all sections except for the method of supporting the ribs. The 
general construction plants and methods used by the different contractors are 
outlined. 


Old-time continuous mixer used for concrete tunnel lining 


FRANK RASMUSSEN, Engineer, Link Belt Co., Chicago, Ill. Engineering News-Record, Vol. 115, No. 2, 
July 11, 1935, pp. 49-51. Reviewed by N. M. NpwMARK. 


In placing the concrete lining in the Chicago Avenue Water tunnel in Chicago, 
a belt conveyor distribution system is used in conjunction with an old-fashioned 
continuous paddle concrete mixer. Cement and crusher-run limestone aggregate 
are delivered to one end of the mixer in a steady stream, and mixed concrete is 
discharged continuously from the other end. Water is admitted to the mixer through 
a perforated pipe without measuring. The normal rate of discharge is 50 cu. yd. of 
concrete per hour, but frequently the rate is speeded up to 84 cu. yd. per hr. It is 
claimed that a satisfactory quality of concrete is produced, daily test cylinders having 
a strength of 2000 to 6700 p.s.i., a rather large variation. Details of the placing of 
the concrete are outlined. 


Concrete product journal c 
Beton Stein Zeitung, Berlin, Vol. 1, Heft 1 and 2, July 1935. Reviewed by Incr Lyse. 

This new magazine is devoted to the concrete products field and the two numbers 
of it which have appeared to date give a very promising indication of the type of 
articles which will be published. In No. 1 is included articles on “Grinding and Pol- 
ishing Concrete Blocks and Terrazzo,” “Considerations in Expansion of Concrete 
Products Plants,” “Hollow Masonry Using Precast Materials,” “Steam Curing of 
Concrete Blocks,’”’ and a number of brief articles and notes. 

No. 2 contains ‘‘1850 years old concrete and its use as concrete product.” “Coloring 
of cement roofing stone,” “Economical work division in concrete products plants,” 
articles on governmental regulations for the concrete products industry and smaller 
notes and statements. 


The new Austrian standards for reinforced concrete 


Srarr ARTICLE, Zeitschrift des Osterr. Ingenieur-und Architekten-Vereines, No. 29-30, 1935, pp. 175-176. 
Reviewed by IneE LysE. 


The new Austrian regulations for reinforced concrete contain several important 
changes. More rigid requirements are laid down for the manufacture of the concrete. 
The mixing water must be within one per cent of the specified amount. Attention 
must be given to gradation of aggregates and mortar content in the concrete and the 
consistency of the concrete must be observed in order to insure uniformity. 

In the design of reinforced columns the so-called “addition” law is followed. 
However, the amount of strength contributed by the spiral is limited by a require- 
ment of maximum two per cent spiral reinforcement. The efficiency of the spiral 
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reinforcement has been set at 2.0. Special high strength reinforcing steel is permitted 
with corresponding higher working stresses, that is, 50 per cent of the yield point of 
the steel with a maximum of 1800 kg. per sq. cm. (about 26,000 p.s.i.). 


Reinforced concrete reservoir at Burnham 


Concrete and Constructional Engineering, Vol. XXX, No. 3, March 1935, pp. 157-161. 
Reviewed by GLENN MurPHY 


Design and construction features of a 1,600,000 gal. reinforced concrete reservoir- 
to serve as a balancing tank between pumps and mains, and as emergency supply 
for the Burnham, Dorney and Hitcham Waterworks Co. The reservoir is 180 by 
120 by 12 ft. inside, with a central partition wall to allow cleaning and inspection of 
half the reservoirs at one time. The walls are of propped cantilever design, varying 
from 12 in. to 9 in. thick. The roof is a 6 in. mushroom-type slab, supported on 12 
in. square columns 15 ft. o.c. The maximum design stresses for the structure were 
16,000 and 600 p.s.i. for steel and concrete respectively. The floor was placed in 
two layers: the first, 3 in. of plain 1:3:6 concrete; the second, 6 in. of 1:114:3 conerete 
reinforced with 8% in. bars 12 in. o.c. in both directions. No waterproofing material 
was used in the structure. 


Restraint by torsion 


Ror Scusopr, Bulletin No. 8, 1934, Det KGL, Norske Videnskabers Setskabs Skrifter, Trondhjem, 1935. 
Reviewed by Iner LysE. 


This bulletin, published in German, presents an interesting theoretical study of 
the restraining moments introduced in reinforced concrete beams and slabs from their 
connections with girders and beams. Much emphasis is placed on the apparent 
reduction in the positive moments by these restraints and formulas are developed for 
the evaluation of the amount of rigidity produced by the torsional effect. This 
highly mathematical treatment is to a certain extent based on assumptions which to 
many engineers may be considered of questionable validity, and since no experimental 
evidence is offered, the results should not be accepted without due study. However, 
the bulletin is of considerable interest to those concerned with the strictly mathe- 
matical side of the torsion question, and its major importance probably lies in the 
fact that it will stimulate new interest in the experimental studies of the continuity 
and rigidity present in all reinforced concrete structures. The bulletin contains 69 
pages with 12 figures. 


Concrete repairs on an ocean pier 


Frank G. Lew and Paun Jorarnson, Chief Engineer and Structural Engineer, St. Petersburg, Fla. 
Engineering News-Record, Vol. 115, No. 1, July 4, 1935, pp.1-6. Reviewed by N. M. Newmark. 


The Municipal Recreation Pier at St. Petersburg, Florida, an 1820 ft. reinforced 
concrete structure 100 ft. wide, built in 1925, had suffered serious deterioration by 
the summer of 1932. The structure had been erected without expansion joints. 
Expansion at construction joints, seepage of water ponded in a depressed section 
carrying a street car track, and scaling due to insufficient covering of reinforcing steel 
had badly damaged the concrete. The reconstruction and repairs necessary to 
remedy the damage are outlined in the article. Four expansion joints were installed 
and subsequent measurements of movement show the necessity for their installation. 
The area in the street-car track pocket was waterproofed and drained, all construc- 
tion joints and other cracks were filled, and the defective members of the structure 
were repaired with gunite. Details of the repair work are described. The cost of 
the repairs is given as about $69,000 and the original cost of the structure about 
$1,000,000. 
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Determination of moisture in sand by means of 

“areometer’’ test 
Perr Hauustrom, Betong, No. 2, p. 66, 1935. Reviewed by Incr Lysz, 

This article describes the “areometer” test, for determining the moisture in sand. 
This test is very simple and therefore suitable for field work. It depends upon the 
difference in the specific gravity of a liquid before and after sand has been introduced. 

The necessary equipment consists of one 500 cc and one 50 ce graduate and a 
hydrometer. Red alcohol is the liquid used. The test procedure is as follows: 200 
ec of red alcohol is placed in the 500 cc graduate and the specific gravity determined 
by the hydrometer. The sand is poured into the alcohol until the sand reaches the 
300 ce mark. Enough excess alcohol for a hydrometer determination is poured from 
the 500 cc graduate into the 50 cc graduate and the difference in specific gravity 
between the pure alcohol and the alcohol containing the moisture carried by the sand 
gives amount of water in the sand. It is recommended that the water content be 
obtained from experimental curves instead of using calculated theoretical values 
which contain certain errors. The test should be carried out at a fairly constant 
temperature. 


Shrinkage cracks in reinforced concrete tanks 


G. P. Mannina, Concrete and Constructional Engineering, Vol. XXX, No. 5, May 1935, p. 271-278. 
Reviewed by Guenn Murray. 


Discussion based on observations of recently constructed tanks and theoretical 
considerations of linear shrinkage. Tank floors seem immune from visible shrinkage 
cracks, tank walls show vertical cracks, and tank roofs show cracks across the cor- 
ners. Shrinkage effects may be divided into temperature-shrinkage resulting from 
chemical reactions involved in setting, and time-shrinkage. The resulting tension 
may be superimposed upon structural tension, temperature stresses, and possible 
effects due to differences in moisture content. Most cracks result from temperature 
fall within 48 hours after placing. Preventative recommendations are: Use of a low 
heat cement without sacrifice of early strength, use of thinner sections to reduce 
temperature rise, use of insulating materials to prevent temperature fall until the 
concrete develops some tensile strength, use of heat-radiating shutter to reduce 
temperature rise, use of a thick foundation slab or building tanks on flexible columns, 
make the walls and roof independent of one another, use curved walls, use a cement 
having less shrinkage, diminish the time interval between lifts of concreting, use 
smaller tanks. 


High speed in concreting at Norris Dam 
Engineering News-Record, Vol. 114, No. 20, May 16, 1935, pp. 698-701. Reviewed by N. M. Newmark. 

During the months of January, February, and March, the average rate of placing 
of concrete in Norris Dam was 3,498 cu. yd. per 23-hr. day, with a maximum of 
4160 cu. yd. in one day. The maximum rate, equivalent to 180 cu. yd. per hour, 
was attained with three 3-yd. mixers and two 1900-ft. span cableways, each handling 
a 6-yd. bucket. Although it was expected that only one cableway could be used in 
the narrow sections toward the top of the dam, it has been found that very little 
time is lost with both cableways operating, since the shifting of the head-towers 
sideways during travel of the buckets between loading and discharge points permits 
both cableways to deliver concrete to the same spot. It is estimated that three 
months will be saved in the concrete placement. 

The form.construction-and handling are described in the article. An unusual 
feature is the elimination of the vertical steps for keying successive lifts of concrete. 
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The surface of each lift is laid on a 5 per cent grade descending from downstream to 
upstream faces. Smooth finishing of the graded surface permits the use of wheeled 
portable equipment on the hardened concrete of each lift. 


Concreting in cold and freezing weather 
Groxs., Zement, Vol. 24, No. 24, June 13, 1935, p. 368-370. Reviewed by Incr Lysz. 
Recommendations for concreting at temperatures of 41° F. to 32° F. and at freez- 
ing temperatures are presented as a guide for construction work. The concrete 
should be so protected that it will be able to resist the destructive forces caused by 
freezing. It is recommended that the concrete in ordinary structures should attain 
a strength of 1400 p.s.i., and in hydraulic structures 2100 p.s.i. before being exposed 
to freezing temperatures. For conereting in cold weather high-early-strength 
cements are usually found superior to regular cement. Warm water is recommended 
for mixing water while heating of aggregates is generally unnecessary. Detrimental 
results from freezing will generally be avoided if the concrete is protected against 
temperatures of less than 36° F. for the first 72 hours. The aggregates should be 
protected against freezing and provision made for heating aggregates where low 
temperatures prevail. While certain admixtures are permitted for cold weather 
concreting they should not be depended upon for important work. The reinforce- 
ment and forms must be free from snow and ice at the time of placing the concrete. 
The use of cement with high heat of hydration does not in any way lower the require- 
ments for proper precautions when concreting in cold weather. 


Cost of raising settled road slabs 
Concrers, Vol. 43, No. 5, May, 1935, p. 10—from Highway RESEARCH ABSTRACTS. 

The cost data were furnished by the Illinois Division of Highways and cover the 
operation of ten mud-pump outfits during 1934 on State highways. The costs 
include labor, field supervision, gasoline, oil, repairs, moving, field expense, and field 
storage. No machinery rental or depreciation are included. Equipment for each 
outfit consisted of one mud pump, one 200 or 300 gallon water tank on a trailer, one 
or more water supply tanks for use at the site, two trucks to haul earth, one truck 
for general utility and water hauling, one air compressor of 120 to 160 cubic feet 
capacity, one paving breaker, and one or two drills. The crew usually employed 
eight or nine men. 


Number of settlements raised: « <rc1ec cinco cle oie oe ol yere eles lo) aistaragniatste at =laicei 2,484 
Square yards of pavement raised. ....... 2... eee eee ee eee eet eee 202,046 
Average direct cost per square yard...... 0... cece eee eee eee tenes $ 0.296 
Cubic yards of depressions filled... 0... 00. sees wee essen eee neceece 6,835 
Cost per Cubi0: yard oi asco soe queretarpte erexaralauerslaleobe Sev cgelic (ole ss rtoks Celene reaners $ 8.78 
Number of holes bored in pavement. 0... 2... cue c eens cee ce nie eels 50,753 
Average cost, per holes ~.fjSe- Bee eotiapatecenchanere ent ohe ranma ieee Act se reeot heron $ 0.11 
Pavement expansion JOInts:cUtigcs wate ev nicines mieteye saercusit (eho Sele sy oietelererte .605 
Cost per joint (Average length 18 ft.). 2.0.00. 5. cee sce tee cee reve neces $ 3.59 
Gubic yard of earth pumpediem a... scree cioersletenin tense eksisee telatteitle lettin 12,578 
Cost per cubic yard, including hauling................ esse eee enone $ 2.88 
Cement used, sacks é 8,053 
Cost per Sack ec scrrerec meetene re sessile enero Meme operas ce teat tans oe > 0.46 
Square yards asphalt patches removed at settlements. ................ 25,673 
Cost per square yard (removing asphalt). ............-se eee eeee eee $ 0.11 
Total! direct cOSt LOR LOSS 1s) erat nteteiare cuancon els rorsteue creieeeranenene renee intel oe eretenen $59,996.48 


New combination structural steel and reinforced concrete 
floor design called Gamma 

LeGenie Civil, Vol. CVII, No. 4, July 27, 1935, p. 93. Reviewed by R. L. Bertin. 
The construction consists of: (1) Reinforced concrete columns; (2) Structural steel 

beams to the top of which steel spirals are welded which rest on the reinforced con- 

crete columns in two directions, thus forming a series of rectangles; (3) Two-way 
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reinforced concrete slabs bearing on the top of the structural steel beams and encasing 
the spirals. 

The advantages claimed for the system by the inventor, M. L. Gellusseau are: 
(1) Simple structural steel work through the elimination of connections from beams 
to columns; (2) Greatly reduced cost of form work; (3) Elimination of intermediate 
beams through the use of large two-way slabs which may be of uniform thickness, or 
slightly crowned in the form of vaults; (4) concealment of steel beams within walls and 
partitions; (5) Sound insulation through the use of cork flooring or cork concrete on 
top of the slab; (6) Fire resistance equal to that of reinforced concrete structures 
when the “‘Alpha” beams are encased in masonry. 

The continuity, rigidity of the joints, perfect joining of the steel beams to the 
concrete slab, as well as the resistance to flexure of the assembly were demonstrated 
by tests to conform to the laws of elasticity. 

The patented structural steel beams with the welded spiral are designated as 
Alpha beams. 


The quality factor and the controlled concrete construction 
W. Nevurrer, Zement, No. 27 and 28, July 4 and July 11, 1935. Reviewed by Incr Lysz. 

A discussion of the relative merits of concrete as compared to steel and wood. 
The quality factor is expressed as the ratio between strength of material and its 
unit weight or as the ratio between permitted working stress and the unit weight. 
Comparisons are also made between the factors of safety of different materials and 
variations in the factor of safety of concrete in different countries. It is noted that 
while Germany requires a factor of safety of as much as 5.62, England requires 4.08, 
France 2.80 and Switzerland as low as 2.67. Concrete strength as high as 6400 p.s.i. 
has successfully been obtained in the field with results from fusion cement as high 
as 7000 p.s.i. at 28 days and 8500 p.s.i. at 90 days. 

The quality of the concrete is determined principally by the cement. Aggregate, 
method of manufacture and water content are also important. The following 
formula is recommended for estimating the strength of concrete at 28 days: 

fe'xg — 1.0 C + 1000 (R-2.14) — 1.5W 

where C is cement content in kg per cu. m. 
R is unit weight of concrete at 28 days (ranging between 2.24 
and 2.37) 

W is water content in liters per cu. yd. 
Recommendations are given for how to obtain the best results in concrete control 
and constructions, and pleas made for a reduction in the factor of safety required 
by German regulations. 


The use of vibrated concrete for repairing concrete structures 


Cu. Tournay, LeGenie Civil, Vol. CVII, No. 2, July 13, 1935, pp. 39 to 43. 
Reviewed by R. L. Bertin. 


The author brings out the advantages of vibrated concrete over the usual methods 
of repairs, namely cement mortar application by trowel or gunite for repairs of con- 
erete structures which have become damaged through exposure to the elements or 
chemicals, shocks, etc. 

When it is desired to bond new concrete to old, it is essential that the shrinkage 
of the new concrete be reduced to a minimum by reducing the proportions of cement, 
fines and water. ' It is precisely these three things that vibration reduces materially. 

Damage generally occurs where the dense and complicated reinforcement inter- 
fered originally with proper placing of the concrete. In repairing such sections, the 
application of vibration insures a uniformly dense and compact emplacement. 
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Vibration of concrete is suitable not only to the repair of structures but to strength- 
en existing structures, either through the encasement of new reinforcing bars or the 
replacement of a weak concrete by one of greater strength where compression stresses 
occur. 

The author describes in great detail repairs of various reinforced concrete structures 
by means of vibrated concrete, as well as the encasement of structural steel frames 
subjected to more or less intense oxidization. 

The results of a study of the properties of vibrated concrete as affected by grading 
of the aggregates, the characteristics of the gravel, temperature, fineness of the 
cement and the water cement ratio are given in the form of tables and graphs. 


The great ‘‘dock-entrance lock’ of Saint Nazaire and the 


supplementary structures 


Metcuorr DE Liste, Engineer cf Ponts et Chaussees. Les Annales des Ponts et Chaussees I, January, 
1935. Reviewed by B. MOREELL, 


This article describes the details of the combined lock and dry dock which was 
constructed at St. Nazaire to provide for the fitting-out of the great liner Normandie. 
The lock is approximately 1148 ft. long, 164 ft. wide.at the entrance and has a depth 
over the sill at mean high tide of approximately 40 ft. There is a sliding gate at each 
end, capable of being operated at any stage of the tide, and with the higher water 
level on either side of the gate. 

The body of the dock consists of mass concrete walls resting on the natural rock, 
the floor of the dock being a 12 in. thickness of concrete paving on natural rock. 
The side walls were constructed of slag-cement concrete up to mean tide level and 
above this level are of high alumina-cement concrete. The five lines of keel-blocks 
are of reinforced concrete. The entrance sections are of heavily reinforced concrete 
with granite seats for the gates, which have gaskets of “greenheart.” 

The quay walls which connect the new lock with the existing quay wall structures 
are the relieving platform type constructed of mass portland-cement concrete. At 
the front of each quay wall there is a line of heavy, reinforced concrete sheet piles, 
made of high alumina cement concrete. 

The interesting features of this work are, (a) the use of blast furnace slag cement 
for mass concrete which will be kept moist, (b) the preference for mass concrete for 
the heavy dock walls, (c) the use of high alumina cement for heavy reinforced piles 
subjected to sea-water action. 


Notes on the construction of a reinforced-concrete bridge 
over the River Lot, at Luzech 


M. Cazus, Engineer of Ponts et Chaussees, Les Annales des Ponts et Chaussees, II, February, 1935. 
Reviewed by B. MoREELL. 


Describes the construction of an arch highway bridge having three spans of approx- 
imately 125 ft. each, replacing an old steel arch bridge not capable of carrying modern 
traffic. The two river piers of the old bridge were utilized, without strengthening, 
to support the new arches. The old abutments were also utilized but were strength- 
ened. To obtain suitable connections with the existing road grades, it was necessary 
to keep the rise of the arches as small as possible. On the other hand, the necessity 
for increasing the free water-way required a high rise and small length of arch rib. 
To satisfy both of these conditions as nearly as practicable, the engineers decided to 
use an arch with rise of approximately 14 of the span and to utilize high alumina 
cement with very high working stresses for the arch rib. The working stress in 
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compression for standard portland cement concrete was 1000 p.s.i., while for high 
alumina cement concrete it was 1700 p.s.i. 

To avoid imposing lateral thrusts on the river piers under a condition of non-sym- 
metrical loading, it was decided to design the three arch spans as continuous over the 
river piers. Cast steel expansion rollers supported the arches on the piers. At the 
abutments, the arches are supported on Mesnager articulations. 

Before opening the bridge to traffic it was tested under working loads consisting 
of trucks loaded with sand. Measurements of deflections and rotations were made. 
The measured deflections did not check the calculated deflections, the latter being 
much larger. The author concludes that methods used for calculating stresses and 
strains in homogeneous materials are not strictly applicable to reinforced concrete. 

Cost data and the fundamental formulas used in calculating the stresses in the 
arches are given. 


Grouting contraction joints in Hogan dam 
S. A. Tomas, Jr., Civil Engineering, Vol. 5, No. 5, May, 1935, p. 296 Reviewed by J. R. SHANK. 

The Hogan Dam is a concrete arch dam on the Calaveras River in Calaveras 
County, Calif., and was built for flood control. The dimensions of the arch for 
length, height, width at crest, and width at base are 620, 115, 15, and 50 ft., respec- 
tively. The spacing of joints is about 40 ft. “As grout ducts for the joints, 2-in. 
half-round metal grout pipe was used, one half being placed on the forms and the 
uther half being sealed to the first half when the forms were removed.” The grout 
piping for each joint consisted of three horizontal feeders at different levels having 
vertical laterals above and below. 

Grouting was carried out one and one-half years after construction. The procedure 
was to fill a joint completely with water under some pressure, calk up all leaks with 
lead wool, and check up the piping at each inlet opening. The water was then let 
out and blown out with air and grouting was started at the bottom piping, progressing 
upward until good grout appeared at the crest. Pressure was then applied and held 
until the grout stiffened. The grout mix ranged from 15 to 8 gal. of water per cu. 
ft. of finely ground cement. The thinner grout was used at starting and for very 
thin openings. The mix was thickened to the 8-gal. mix as soon as possible. Pres- 
sures ranged from 10 to 90 p.s.i. The lower pressures were used for the first series 
of joints. It was found possible to move some of the sections upstream by increasing 
the grout pressure. The amount of grout placed usually exceeded the amount cal- 
culated for the joint. The aggregate top joint opening amounted to 2 in., which 
was 34 in. more than when grouting was started. The average shrinkage at the crest 
amounted to 0.00025 in. per in. 

Some suggestions resulting from this experience are: 

1. Grout stops should be designed for high pressures, as much as 300 DS So 
that the sections and joints may be adjusted at grouting. 

2. High dams might be grouted in sections vertically, using horizontal grout stops. 

3. Grouts using more than 8 gal. per sack of cement should be avoided. 


Manual of instructions for concrete inspectors 


Published by Metropolitan Water District of Southern California, Los Angeles, 59 pp., Pocket size 
75 cents. Reviewed by J. W. Ketuy, 


This manual outlines briefly the approved concrete inspection practice of the-Metro- 
politan Water District of Southern California relating to the construction of the 
Colorado River Aqueduct. It is supplementary to the specifications and is intended 
to be used as a book of reference on matters not covered in detail by the specifications. 
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The manual was made necessary by the fact that the construction is proceeding at 
widely separated points, extending over a distance of 240 miles. Its use is expected 
to result in uniform inspection practice throughout the length of the aqueduct. 


A feature of the manual is its definition of the responsibility of the various em- 
ployees, particularly with regard to the testing engineer and the various division 
engineers. Definite instructions are given to the inspector regarding his responsibili- 
ties and his relations with the contractor; and undue interference with the contractor’s 
methods is forbidden. 


The work of concrete inspection is divided into (a) plant inspection, and (b) 
placing inspection. The plant inspector inspects all materials, makes field tests of 
aggregate, and controls the -proportioning, batching, mixing, and conveying of 
concrete. The placing inspector controls the time of concreting (concreting is for- 
bidden whenever the air temperature exceeds a specified limit); he inspects the pre- 
paration of the subgrade, the setting of forms and reinforcement, the installation of 
joints and fixtures, the conveying of concrete at the site of the work, the compacting, 
finishing, and curing of concrete and the repair and protection of finished work; he 
controls the consistency of concrete; and he makes concrete specimens for laboratory 
test. Various general duties of inspection such as those covering excavation, plant 
and equipment, weather observations, and cleaning up are to be divided between the 
plant and placing inspectors by the division engineer, according to local conditions. 
Standard report forms minimize the amount of paperwork in the field, and serve as a 
convenient check for the inspector as to the completeness of his coverage of the day’s 
duties. 


The manual covers the following subjects: Administrative and general, inspection 
of materials (except aggregates), inspection and testing of concrete aggregates, 
inspection and testing of concrete, inspection of placing of concrete, and weather 
observations. 


Analysis of continuous arch systems and theorem of nine 
displacements 


Kozasuro Misn, Professor of Civil Engineering, Kyushu Imperial University, Japan. Reprinted 
from the Memoirs of the Faculty of Engineering, Kyushu Imperial University, Vol. VII, No. 5, 1935. 
Reviewed by Cuarues 8S. WHITNEY, 


In a 68-page booklet with 16 plates, the author presents in English, two methods 
of analysing continuous arch systems together with a number of numerical examples 
which indicate the effect pier elasticity and the relative accuracy of the two methods 
for systems of different proportions. 


The author’s “Theorem of Nine Displacements” which he terms “an exact and 
complete solution of continuous arches on elastic piers” leads to formulas which 
express the general relation between the nine displacement components at the three 
consecutive supports and the loads on the two included spans and pier under con- 
sideration. By treating successive pairs of spans with their intermediate pier a solu- 
tion may be found for any system of arches regardless of condition of loading, size 
or arrangement of piers, or character of foundations. The solution is considered 
exact because the formulas include the effects of displacements due to moments, 
direct thrusts and shearing stresses produced by loads and temperature changes. 


By eliminating the effect of strains due to direct thrust and shear, and considering 
the two displacements at each of three consecutive pier heads, the Theorem of Nine 
Displacements is reduced to the “Theorem of Six Displacements,” an approximate 
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method applicable to ordinary arch systems. The latter method is fundamentally 
the same as Ostenfeld’s deformation method (‘Die Deformationsmethode” by A. 
Ostenfeld, Julius Springer, 1926) and the slope deflection method of the Committee 
on Concrete and Reinforced Concrete Arches of the American Society of Civil Engin- 
eers. (‘‘Final Report of the Committee on Concrete and Reinforced Concrete 
Arches,” Transactions Am. Soe. Civil Engineers, 1935.) 


A very valuable portion of the paper is the solution of various two- three- and 
five-span systems of different proportions with complete influence lines. 

One of the author’s conclusions is that ‘‘as a result of the examination of those 
influence lines, attention should be called particularly to the fact that the effect of 
the pier elasticity on the stresses in the arch ribs is quite remarkable, even in an arch 
system with short piers; and the usual solution of the fixed arch which gives values too. 
remote from the actual stresses could not, even as a practical approximation, be 
used with safety in the design of continuous arch systems.” A study of the influence 
lines will help the designer form his own opinion as to importance of pier elasticity 
in any particular case. 

To test the limitations of the approximate method of analysis, the author solved 
by the two methods nine different three-span arch systems with varying pier heights. 
and arch rise ratios. He shows that the error of the approximate method is not. 
materially affected by the pier height but that the error increases as the arches. 
become flatter. He concludes that the approximate method (theorem of six dis- 
placements) is universally applicable to ordinary continuous spans with elastic 
piers and will give reasonable and sufficient results, provided the rise ratio is not too 
small (say not less than 44). It appears to the writer that the approximate method 
will give sufficiently accurate results for any practical continuous arch system pro- 
vided that for very flat arches the rib-shortening effect be calculated for live loads, 
shrinkage, and temperature changes as well as for dead loads. 

Professor Misé’s work represents a tremendous amount of labor and is an important. 
contribution to the subject. 


The International exposition in Brussels 
P. Cauras, LeGenie Civil, Vol. CVI, No. 18, May 4, 1935, pp. 425-431. Reviewed by R. L. Bertin. 


Gives a detailed description of the layout of the exposition and the 140 palaces 
and pavilions comprising it. 

Several of the more important buildings are permanent structures. The largest 
and most remarkable, from the standpoint of construction is the Grand Palace. 
This building is devoted to the exhibition of transportation presented in the form of 
a model railroad station. The building is 160 m. by 90 m. without any interior 
columns. 

The framing consists of 12 three-hinged reinforced concrete arches, spanning 86. 
m. with a rise of 30 m. 

The section of the arches is rectangular 1 m. thick throughout; the height ane 
1.5 m. at the spring line, 1.80 m. at the haunches and 1 m. at the crown. The hinges 
are of chrome nickel steel and cast iron. 

The axis of the arch is three centered. This shape was selected because it mini- 
mizes the bending moments resulting from the roof loads, concentrated at intervals 
of 4.80 m., and the wind loads. 

The front and rear of the building are self carrying walls. Between them are six 
independent sections, 24 m. long, consisting of two arches spaced 12 m. on centers, 
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braced by cross beams cantilevered 6 m. on either side of the arches. The cross 
beams are spaced approximately 4.80 m. across the arch span and carry vertical 
windows 3.95 m. high, and a slightly sloped horizontal concrete slab forming the 
roof from the top of the windows to the beam. This construction gives the struc- 
ture the appearance of a gigantic stair, the steps of which are outlined by the vertical 
windows and the horizontal roof slabs. 

The arches bear on concrete foundations 7 m. x 6.52 m. in section and from 1.1 
m. to 2.4 m. thick, carried on 29 piles, four of which are vertical and 25 inclined at 
an angle of 25 deg. The thrust of each arch is about 850 tons. 

The reinforcement for the arches was assembled on the ground in six sections, 
weighing 10 tons each; hoisted to the top of the arch by a specially constructed 
crane and slid down the forms to their position; the ends of the bars of the adjacent 
sections were butt welded, eliminating all hooking and lapping of the main reinforcing 
bars. 

The form work consisted of a complete unit for two arches and the cross beams, 
supported on four 3-hinged steel arches the extrados of which matched the intrados of 
the concrete arch. The contact forms were made of sheet metal stiffened with U- 
irons properly braced. The total weight of the unit was 600 tons. 

The concrete was conveyed in place by means of two concrete pumps which 
forced the concrete through a 150 mm. diameter pipe, a distance of 200 m. and a 
height of 40 m., at the rate of 13 m*. per hour per pump. The total concrete per 
group was 750 cu. m. and required 29 hours or practically two days to put in place. 

The concrete was compacted by means of electric vibrators acting on the forms, 
the reinforcement and in the mass itself. High early strength cement was used and 
permitted the forms to be stripped in 12 days. A pressure of 300 tons was applied 
by means of jacks at the crown which spread the ends of the arch sections at the 
crown 120 mm. and raised them 80 mm. These measurements checked very closely 
with the conputed values. The steel arches were then lowered enough to clear the 
concrete arches and rolled to the next position and reset for the next section. The 
first section was stripped May 1, 1934 and the sixth and last one at the beginning of 
October. (A view of this structure may be seen in Architectural Concrete, Vol. 1, 
No. 3, published by the Portland Cement Association.) 


Cost of maintenance of highways of the New Jersey State 
Highway Department 


Sievoup JoHANNESSON, Designing Engineer. From an Unpublished Report of the New Jersey State 
Highway Department. Reviewed by Highway ResrarcH BoarpD 


Since 1921 the New Jersey State Highway Department has kept complete records 
of the cost of maintenance of the highways within its jurisdiction. The records 
divide the maintenance into eight items as follows: 

A. Ordinary Maintenance—l. Work on surface-traveled width; 2. Work on 
paved shoulders; 3. Work on unpaved shoulders, drains and ditches; 4. Work on 
guard rails and fences. 

B. Extraordinary Repairs—5. Resurfacing, rebuilding, heavy patching of main 
pavement; 6. Rebuilding paved shoulders; 7. Rebuilding unpaved shoulders and 
drains, new ditching; 8. Replacing guard rails and fences. 

The maintenance cost of each of these items includes the cost of all labor and 
material, a proportional part of the cost of all equipment and tools and of salaries and 
office expenses of the Maintenance Department. They do not include the cost of 
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cleaning, snow removal, lighting, bridge maintenance and operation, and other 
similar items which are kept separately and are not included in this discussion. 

The greater part of the New Jersey State Highways are paved with reinforced 
concrete and there are sufficient records to present maintenance costs of such pave- 
ments. Other types of pavement in the State are considerably more limited, and the 
records for them show the trend rather than the true average costs of maintenance. 


TABLE 1—AVERAGE ANNUAL COST OF MAINTENANCE OF PAVEMENTS 
PER 100 SQUARE YARDS 


Area Vehicles 
Type of Pavement Length Square Per Day Cost 

Miles Yards Average 
Reinforced concrete 736.1 10,548,300 4,700 $ 0.70 
Sheet asphalt, concrete base 25.8 459,000 4,600 1.34 
Bituminous concrete, concrete base 75.1 1,273,800 7,000 2.13 
Plain concrete (prior to 1923) 122.8 1,438,600 2,800 2.55 
Sheet asphalt, macadam base 37.9 459,600 2,900 3.86 
Bituminous penetration macadam 12.6 218,700 2,700 5.53 
Gravel yea | 536,100 1,000 6.49 
Bituminous concrete, macadam base 67.9 894,300 6,400 8.34 
Macadam 14.8 170,600 3,000 13.28 


TABLE 2—REINFORCED CONCRETE PAVEMENT—AVERAGE ANNUAL COST OF 
MAINTENANCE PER 100 SQUARE YARDS 


Maintenance Length Vehicles 

Started. Year Miles Area Square Yards | Per Day Average Cost 
1923 30.7 383,780 2,400 $1.29 
1924 76.9 1,124,580 3,800 0.56 
1925 93.6 1,231,290 3,400 0.57 
1926 67.3 870,330 3,500 0.81 
1927 15.9 244,260 7,800 0.48 
1928 121.4 1,620,830 3,600 0.43 
1929 104.7 1,572,960 4,500 0.84 
1930 WA Sele 1,827.110 7,000 0.86 
1931 107.5 1,673.130 5,800 0.70 


Current Research 


Thin plates for web reinforcing 
A summary of unpublished information from J. T. THompson, Professor of Civil Engineering, Johns 
Hopkins University. 


During 1934-1935 an investigation of the practicability of using thin steel web 
plates in reinforced concrete beams instead of conventional stirrup arrangements 
was made in the Civil Engineering Department of The Johns Hopkins University. 
Three series of heavily reinforced beams, designed to fail in shear, were constructed 
and tested. The first series consisted of beams without web reinforcement, the 
second of beams reinforced with vertical ‘“‘U” stirrups of orthodox design, and the 
third of beams having web reinforcement of steel plates ranging in thickness from 
@; to js in., some perforated and some unperforated. These plates were 11 in. 
deep and extended throughout the outer thirds of the beams. (See sketch.) The 
beams were 8 in x 14 in. x 5 ft. center to center of bearings. The concrete strength 
and uniformity were controlled satisfactorily by the water-cement ratio method. 
The beams were loaded at the third points. 
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Loads at 
Third Points 


The load-deflection curves for all beams were much alike. If anything, the beams 
with web plates were a little stiffer, that is to say deflected a trifle less for a given load, 
than did those of the other two series. 

The load at the first occurrence of diagonal tension cracks was practically the same 
for all series. Beyond this point, however, beams with web reinforcement were 
superior to those without such reinforcement, particularly as regards their capacity 
to endure loads beyond the point where the deflections began to increase noticeably 
for constant increments of applied load. In contrasting the stirrup beams with the 
web plate beams it can be said that while there is but little difference in the ultimate 
strengths observed, the weight of steel in the webs of the latter may safely be reduced 
to about half of that in the former. In addition, it is believed that from the view- 
point of construction simplicity and ease the use of web plates offers a distinct 
advantage. 

Huggenberger strain gauges attached to stirrups indicated negligible stress until 
the first appearance of diagonal tension cracks. Those attached to web plates indi- 
cated strain roughly proportional to the applied load when the gauge was inclined 
at the angle computed for maximum values of principal tensile stress. 

By attaching Huggenberger gauges to the web plates and providing for their rota- 
tion it was possible to measure the principal stresses at various angles to the hori- 
zontal. When the beam section was reduced to a homogeneous one by conversion 
of the steel to comparable concrete areas, a very pretty check was obtained between 
theoretical and observed principal stresses. Of course it was necessary to determine 
the modulus of elasticity of the concrete. This was done when the control cylinders 
were tested for strength. 

A marked tendency for beams reinforced with plates to split or separate into two 
halves at the plane of the plates was observed at ultimate loads. This was accom- 
panied by a buckling of the upper edges of the plates. It was attributed to the 
influence of the hooks at the ends of the main reinforcement which applied a longi- 
tudinal load to the block of concrete between the diagonal tension crack and the 
beam end. This load was directed toward the beam center-line and appeared to be 
unequally applied on the two sides of the web plate, the differential in such load 
being apparently responsible for the splitting mentioned. 

It is planned to extend the study further, particularly with a view of eliminating 
this separation. It is believed that doing away with the hooks will prevent splitting. 
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BY J. R. SHANKT 


MEMBER AMERICAN CONCRETE INSTITUTE 


ReEsEARCH work in the field of plastic flow of concrete, up to this 
time has been confined largely to getting data on the phenomenon in 
general and on the effects of different materials, mixtures, and sur- 
rounding conditions. The data have usually been presented in curves, 
plotted with plastic flow deformations as ordinates and time as 
abscissas. Groupings of these curves have been plotted and conclusions 
drawn, which were little more quantitative in nature than visual 
inspections of the curve sheets would give. In only a few cases have 
curve equations been presented for these graphic expressions. It is 
the purpose of this paper to analyze many of the data available and 
present them as curve equations, and to present methods and formulas 
for calculating deformations and unit stresses in reinforced concrete 
members. 

The most noted examples of curve equations are those by L. G. 
Straub (16)! and F. G. Thomas (20). The Straub equation is as 
follows: 

p = Kori2 where 


p the unit plastic deformation after a time 
K = a coefficient to be obtained from tests 
t 
o 


I 


the time 
= the unit stress 
p and q are exponents, which depend on the elastic conditions at the time of 


loading. 

A valuable development by Thomas is the discovery that the 
deformation time curve for plastic flow approaches a limiting ordinate 
or asymptote line. | He developed a curve which expresses ‘Ratio of 
the limiting value of creep to the creep during the first year under load’”’ 
as ordinates and age at loading in months as abscissas. The following 
equation fits very closely the curve as he drew it. 


y=140.315 Vc 


ll 


* ived by the Institute Secretary, October 2, 1935. : F ; 
ch Protessor, Engineering Experiment Station, Ohio State University, Columbus, Ohio. 


1Gee references in appended bibliography. 
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His last calculated point is at three months. It will be noticed that the 
limiting value increases with the age at loading. 

The work of Thomas is a valuable contribution but the expression 
by Straub is more nearly in line with what can be developed into 
something which may be of use to the engineer. The term o with its 
exponent p indicates that it may be that plastic flow is not directly 
proportional to the unit stress imposed and test data can be found 
that bear this out; however. tests at the University of California 
(11,12; 13 and 14 )aon what may be said to be ordinary portland 
cement concrete, as well as tests at the Ohio State University and 
at The Bureau of Building Research, England (15 and 20), produce 
data, which indicate that for ordinary conditions the plastic flow is 
proportional to the stress. If this proportionality principle is accepted, 
the formula by Straub might be reduced to this . 

y = Ktt where y now represents the plastic flow for a unit stress of unity. 
REDUCTION OF DATA TO COVER EQUATIONS 

The most prolific sources of data on plastic flow of concrete are the 
University of California (11, 12, 13, and 14); the Bureau of Building 
Research of Great Britain, (15 and 20); and The Ohio State Uni- 
versity. More than one hundred test curves from these three sources 
were studied and equations like this modified Straub equation were 
fitted to them, and the terms K and q, or C and a respectively as 
used in this paper, were found. 

Table 1 shows these data together with data concerning sources, 
materials used, mixes, elastic properties, unit stresses imposed, sur- 
rounding conditions and relative conformity of the equation curve and 
that of the observed data. The equation is expressed 

1 a 
y = Cx2 oor y = ONz 
y = millionths of an inch per inch per one pound per square inch 
x = days 

Exceptions to this definition for y are taken for the torsional data, 
Nos. 110 and 111 of Table 1. Here y is the angle of turn in radians 
times 10-° for the load torque and cross-section of specimen used. 

The use of logarithmic paper simplifies the work of determining 
curve equations of this sort for the data as reported from various 
sources, because when the data are plotted the points will appear to 
follow a straight line; the point where this line cuts the unit time line 
is the value C, and the slope of this line as drawn on the logarithmic 
paper is the exponent / /a. Figure 1 shows the plotting of an average 
case. For the sake of comparison the curve of the equation derived 
and the curve through the points plotted are shown on ordinary 
coordinate paper. Another plotting is shown on Figure 8. 
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The formulas set up from these coefficient and root values, as may 
be gathered from Fig. 1, do not entirely fit the observed data all 
along. As a general observation, it may be said that the conformity 
is quite good from a day or two to about a year; though large variations 
from these times occur for the various tests. (See Table 1 for a listing 
of conformity ranges.) In many of the Ohio tests good conformity 
starts at as short times as 15 minutes, and many of the California 
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tests show conformity carrying through to as much as three or more 
years. The Ohio tests do not carry through for long times, and the 
California test data at hand seldom start at less than two days. 
When non-conformity obtains it usually shows up for the long times, 
as shown on Fig. 1 as a falling away from the straight line on the log 
plot, which indicates an increase in both coefficient and root. The 
increase in the coefficient comes about by reason of the extrapolation 
back to the one day line and results largely from the reduced slope. 
Non-conformity at the short times, when it does occur, again shows 
up as a falling away from the straight line as an increase in the coeffi- 
cient and a decrease in the root. Here again the coefficient is deter- 
mined by the change in the slope, and since for time less than one day, 
the extrapolation is on the other side, the decrease in the root (increase 
in slope) produces again an increase in the coefficient. In some cases 
a line drawn through the points plotted on the log paper is a curve 
throughout, the ends bending downward,. indicating possibly some 
other law than the power expression. As these cases usually obtained 
for odd conditions of aggregates or mixtures and for only a few of the 
tests, they were considered as exceptions and not sufficiently indicative 
to warrant an attempt to find a new law. 

A series of tests in England (15), designed to show how plastic 
flow influences the test determination of the modulus of elasticity, 
throws some interesting light on the conditions at the short time end. 
A rather rich rapid hardening cement concrete was tested for plastic 
flow in a period of 60 seconds and readings were taken at 15 seconds 
intervals. Six tests were made for different loadings. The averages 
for the coefficients and roots are 0.529 and 1.95 respectively. These 
appear on Table 1 as Nos. 78 to 83, inclusive. It will be noticed that 
they are all heavily loaded, three of them being overloaded. This 
may be compared to a leaner concrete of the same type of cement 
which produced the values of 0.064 and 3.9 respectively, No. 93, 
Table 1. The steeper slope at the short time end is here illustrated in 
these six tests. The large difference between the coefficients should 
not be taken too seriously since the extrapolation for determining 
them from the 60 seconds tests is very great, to a point away from the 
60 second range of 1440 times the time at the end of the range. It is 
of interest to note that one of the 60 seconds tests, No. 79, gave 0.164 
and 2.6 for C and a, which compare favorably with the general average 
values. 


In view of the number of Ohio tests, where good conformity was 
had, to as low as 0.02 of a day or 30 minutes (7, 9, 11, and 14 of Table Ls 
and because of the small effect, from a practical standpoint, to the 
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engineer of the amount of plastic flow at these short times, and in 
spite of the English tests, it is believed that the values as given in 
Table 1 may safely be used without correction for the short times up 
to the point where the long time drop-off begins to take place. This 
long time drop-off, however, cannot be ignored. 

For the longer times the exponential formula here proposed does 
not conform in general to the results of the long time tests made at 
the University of California nor does it conform to Thomas’ limiting 
value theory; but the long time tests do agree fairly well with this 
limiting value theory. 

Some transition correction is needed to apply to the power expres- 
sion between the drop-off point and the time of limiting value. An 
examination of the data on Table 1 gives some clue as to when this 
drop-off should be considered to start. 

The Ohio tests cannot be taken strongly into account when con- 
sidering the drop-off points because there is a reason why the drop-off 
points should occur early. These tests were carried on under ordinary 
room conditions and usually started about January first when the 
interior humidities were quite low (as low as 10 per cent at times) 
because of the artificial heating. After about two to three months, 
warmer weather and reduction in the heating caused the inside 
humidities to rise. This rise in humidity had a tendency to reduce 
the rate of plastic flow and cause a drop-off. Out of 13 tests where a 
drop-off was noticed in the time ranges of observation, the time of 
drop-off occurred at 60 days. Ten tests, showing straight lines or 
conformity to the ends of the ranges to times longer than 60 days, 
averaged 77 days. 

The other tests where the humidities were controlled, particularly 
those carried on in California, offered good data for making these 
observations. Out of 16 tests where a drop-off was noted the drop-off 
time averaged 280 days. The times of 19 more, where conformity 
continued throughout, averaged 916 days. Assuming that the drop- 
off was just about to occur at the ends of the times for these 19 tests, 
the average drop-off time occurred at 540 days or about one and one- 
half years. The shortest time was 90 days and the longest something 
over 1352 days. See Nos. 44 and 45, Table 1. 

Mr. Thomas indicates that the limit of plastic flow for specimens 
loaded at 28 days may be taken as 27 per cent more than the plastic 
flow at one year. For shorter time loadings the increase is less, about 
17 per cent for seven day loadings, and for longer time loadings the 
increase is more, about 40 per cent for three months loadings. The 
long time tests at the University of California bear out this conclusion 
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fairly well. A 27 per cent increase over that at one year for ordinary 
concretes using ordinary aggregates, loaded in air at 28 days, C and a 
being 0.128 and 2.9 respectively, occurs at 733 days or at about two 
years. 

It is suggested that when calculations are to be made for plastic 
flows for times greater than one year, the plastic flows calculated 
from the power formula be reduced according to a system such as the 
following: 

Follow the power expression up to one year. From one year to two years, to the 
power formula value for one year, for 28 day loading, add 70 per cent of the excess 
over that at one year. From two years to three years, add to this reduced value at 
two years 40 per cent of the power formula value greater than at two years. From 
three years to four years, add to this reduced value at three years 20 per cent of the 
power formula value greater than at three years. From four years to five years, 
add to this reduced value at four years 10 per cent of the power formula value greater 
than at four years. Consider the limiting value to have occurred at five years. For 
seven day loadings change these percentages to 50,-25, 12, and 6 per cent and for 
three month loading to 90, 75, 50, and 25 per cents respectively. 

A shorter and more practical, and probably sufficiently accurate 
way of handling this is to consider the exponential curve useful only 
to one year and for times greater than one year to jump to Thomas’ 
limiting value. 

CLASSIFICATION AND ANALYSIS OF DATA 


To study and present these data so that they may be of service to 
computers and designers, the following more or less arbitrary divisions ~ 
were made (See Table 2). 

A division was made between portland cement concretes working in 
air and those working in water; between concretes in buildings, super- 
structures for bridges, and other types of above ground construction, 
where constant contact with water or one hundred per cent relative 
humidity was unlikely, in contrast to those for hydraulic structures 
as for water purification, sewage disposal, and other like structures 
and underground structures where constant 100 per cent moisture 
conditions prevail. All concretes tested under relative humidity 
conditions of 70 per cent or less were included in the first division and 
those under water or in conditions of 100 per cent humidity or nearly 
that were included in the latter. 

Another division was made between ordinary strength concretes and 
rich or high strength concretes. Concretes made with aggregates 
whose combined fineness moduli ranged between 5.0 and 6.0 and whose 
cement-water ratios by weight ranged between 1.2 and 1.6 were 
included in the former class. Those with cement-water ratios over 
1.6 and fineness moduli between 3.0 and 6.0 were included in the latter. 
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TABLE 2—RESUME OF POWER CURVE DATA 
Portland Cement Concretes 
Conditions of Concrete 
Equation Values 
Surround- ——— Average 
Strength Aggregates ings Age at Loading C a of 
Ordinary Ordinary In Air 7 days 0.207 2.8 2 
m Es ‘eyes 14 days 0.151} 2.8 2 
; is he a 28 days 0.128 2.9 16 
ts “ ihe 2 months | 0.088 | 2.5 1 
iy a eee 3 months | 0.072 3.0) 1 
; re pt 4 months | 0.078 228 ll 
: cae oon 16 months | 0.005 15 1 
hy ss In Water 28 days 0.088 | 6.0 1 
Rich Et In Air 28 days 0.129 3.2 10 
ce In Water 28 days 0.072 | 4.2 3 
Ordinary Granite In Air 28 days 0.287 5.0 3 
oe i at 3 months | 0.128 3u38 3 
ss os In Water 7 days 0.405 | 10.0 2 
oe Se 2 28 days 0.145 4.8 3 
Fi s a oe 3 months | 0.065 | 4.0 3 
Rich “ In Air 28 days 0.125 5.0 1 
Ordinary Sandstone ore 7 days 0.105 3.8 1 
Rich ae ee 28 days 0.132 2.6 1 
* x ties 2 months | 0.060 2.4 1 
i i ne 7 months | 0.050 3.8 1 
Ordinary Silica ees 28 days 0.086 2.8 5 
Rich 2 Sates 28 days 0.078 3.8 2 
a Basalt ee hy 28 days 0.170 3.2 1 
Lean, overloaded Ordinary ete 28 days 0.370 4,2 1 
Ordinary, overloaded Sandstone pe 7 months | 0.122 2.8 1 
ag i Granite aa ads 3 months | 0.152 3.6 iL 
Oi ge a a : G \ In Water 3 months | 0.094 4.7 1 
- oa round glass Coarse ; 
ico Fine | In Air 28 days 0.160 2-3 1 
Lean Ordinary In Air 28 days 0.100 226 1 
Rapid Hardening Cement Concrete 
Conditions of Concrete 
Ordinary Ordinary In Air 7 days 0.096 308 i! 
ue Ke. la 14 days 0.103 3.3 1 
‘6 <4 aoa 28 days 0.053 3.2 af 
“A es Wray 3 months | 0.026 2.9 1 
ie at In Water 28 days 0.055 4.3 1 
Rich eS In Air 28 days 0.057 2.5 5 
Aluminous Cement Concrete 
Conditions of Concrete 
Ordinary Ordinary In Air 7 days 0.100 34! 1 
os ey ap 14 days 0.049 2.5 al 
se a Le 28 days 0.036 2.6 2 
Gt ae OAS 3 months | 0.023 gee, 1 
ss ‘ In Water 28 days 0.094 4.0 i 


A division was made between concretes containing ordinary aggre- 
gates, such as gravel and natural sand and crushed limestone, both 
coarse and fine, or crushed limestone with natural sand; and those 
containing special aggregates such as silica, crushed or in the form of 
pebbles, granite, sandstone, basalt, slag, or especially manufactured 
aggregates such as Haydite, ete. 

Especially lean concretes, those having a cement-water ratio of 
less than 1.2 or overloaded concretes, those having a unit stress to 
ultimate stress ratio of more than 0.4 were kept in classes by them- 
selves. High early strength cement concretes and aluminous cement 
concretes were also kept in classes by themselves. 
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The most important set of data in Table 2 is that for ordinary 
strength concrete made of ordinary aggregate and loaded in air at 
28 days. The averages of C and a for 16 tests are 0.128 and 2.9 respec- 
tively. The values for C ranged from 0.080 to 0.200 and those for a 
from 2.10 to 3.66. Another group of sufficient number to be considered 
is that of the rich concrete using ordinary aggregates and loaded in 
air at 28 days. The average values for C and a of 10 tests are 0.129 
and 3.2 respectively. The ranges are 0.054 to 0.207 for C and 2.26 
to 5.00 for a. If that one whose a value is 5.00 (No. 19 of Table 1) 
which had generally poor conformation of curve to points observed 
be left out, the averages would be 0.133 and 3.03 respectively for C 
and a, and the ranges would be 0.054 to 0.207 and 2.26 to 3.85. If 
these two are grouped together the averages will be 0.130 for C and 
3.14 for a which is very close to the cubic parabola 

y = 0.13Ve 
From the data of these 25 tests the theory of probability would indi- 
cate that the chances are 25 to 1 that all possible variations will be 
within 0.079 or 61 per cent for C and 1.16 or 39 per cent for a. 


EFFECT OF AGE AT LOADING 

That the plastic flow is materially influenced by the age at loading 
has been shown in reports of investigations from all sources. Table 2 
shows this influence in a general way. Observations for quantitative 
comparisons of the results of Table 2 are somewhat befogged by the 
variations of the two values C and a. Since a change in the root 
primarily changes the shape of the curve, direct comparisons cannot 
be made on the coefficient C except when the roots are the same. It 
is impossible to transform whole curves to a common root, but it is 
possible to take points on a set of curves, say 28 days, and transform 
them to the same root insofar as plastic flow at 28 days is concerned. 
It is then possible to make direct quantitative comparisons by way of 
the coefficients. The equation for this transformation is 


3 ie by ee | 
y=Av2 =CO.V 2 where 
y the plastic flow at the common time in days 
C, = the observed coefficient 


a the observed root 

ag the root to which the transformation is to be made 

(, = the unknown coefficient to be solved for 

By this method a substitute curve expression is found which will 

intersect the original curve at the common time x days. Other points 
of days may be selected and transformation values solved for the 
coefficients. If there is a large difference between the observed root 
and the one to which the transformation is made there will be a 


tou we ll 
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correspondingly large variation in the coefficients found for the differ- 
ent points of days selected. 


This procedure was carried out for the different ages at loading for 
the “Ordinary, Ordinary, In Air’ tier of data, Table 2, for portland 
cement for the points of days of 2, 28, 90, and 365 days for trans- 
formation to the root 3.0. The curve through the coefficient averages 
as ordinates and ages at loading for abscissas had a shape similar to 
the general plot for plastic flow, though the curvature was in the other 
direction. When this analysis was attempted upon log paper it 
appeared that a exponential power curve could be drawn for this 
relation. The variation of the C values against age at loading could 
be expressed thus: 

C = 0.500 a 3-5 where 
a = the age at loading. 

Since this expression was worked up for values transformed to a 
common root 3.0 for the general exponential expression, it is necessary 
to transform back to the root desired for any given expression. 


Table II offers two other sets of data from which deductions may 
be made for the effect of age at loading, ‘“‘Ordinary Granite, In Water’’ 
and ‘‘Rich, Sandstone, In Air.”” The formula for the former is 

C = 0.780 a 1-8 
and for the latter 
C = 1.50 a 150 
These two are also worked out on the basis of the root 3.0. 


EFFECT OF CURING CONDITIONS 


Table 2 shows in five comparisons that concretes in water do not 
in general flow as much as those in air, though the flow is more rapid 
immediately after loading. In all cases the coefficient for the concretes 
in water is lower and in all but one case the root is higher. Three of 
these comparisons have been studied in some detail and are given in 
Table 3. These three were selected because not less than three tests 
were averaged to make up each value. 

From a study of this table it can be said that the plastic flow of 


concretes in water is about half that in air, less than that when short 
time flows are considered and greater when long time flows are con- 


sidered. 
DIFFERENT KINDS OF AGGREGATES 


The effect on plastic flow of different kinds of aggregates is not so 
clearly defined as the two effects already discussed. It is not under- 
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TABLE 3—RATIOS OF PLASTIC FLOWS. CONCRETES IN WATER TO CONCRETES IN AIR 


Rich Ordinary Agg. Ordinary Granite Ordinary Granite 
Time, Days Concrete Loaded Concrete Loaded Concrete Loaded Average 
at 28 Days at 28 Days at 3 Months 
0.02 0.746 0.490 0.625 0.620 
0.5 0.586 0.502 0.530 0.539 
2.0 0.532 0.507 0.490 0.510 
10.0 0.470 0.515 0.450 0.478 
28.0 0.434 0.520 0.426 0.460 
90.0 0.398 0.526 0.400 0.441 
365.0 0.358 0.532 0.372 0.421 
Average 0.496 


stood how or in what way different aggregates cause these variations. 
That it is due to plastic flow in the aggregate particles themselves 
can safely be ruled out (See discussion of Bibliography No. 13) except- 
ing possibly in the case of some of the very special porous aggregates. 
There remain the shape of the particle, and its surface characteristics. 
The surface characteristics that might be considered are hardness, 
smoothness, density, or porousness, cleavage (planar for crystal sur- 
faces, as in granite or rounded as in pebbles) and adhesiveness. Table 2 
shows that a difference exists, the problem remaining is to determine 
why. 

To make proper comparisons it is again apparent that the coefficients 
in Table 2 must be brought down to a common root for a number of 
time points. The values for those available for this comparison were 
transformed to a common root 3.0 for 2, 28, 90, and 365 days, and the 
averages were taken. From these it appears that granite concrete 
shows a plastic flow 1.38 times as much as for ordinary aggregate; 
sandstone concrete, 0.85 times as much; silica aggregate 0.65 times, 
and basalt aggregate 1.32 times. 

The influence of different aggregates is seen to be not nearly as 
definite as the effect of age at loading and the effect of water curing. 
The data at hand are such that even general statements to the effect 
that more plastic flow may be had from eranite aggregate can hardly 
be relied upon. 


EFFECT OF UNIT STRESS 


The exponential formula presented in this paper expresses the 
plastic flow in terms of millionths of an inch per inch for a unit stress 
of one pound per square inch on the assumption that the plastic flow 
is proportional to the stress applied. Table 4 shows how this assump- 
tion is borne out by the data at hand from California, England, and 
Ohio for coneretes made up of a variety of aggregate materials using 
portland cement and for one set for concretes using high early strength 
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TABLE 4—EFFECT OF UNIT STRESS ON PLASTIC FLOW 


Per Per 

Group Av. Values No. | Unit | Cent Av. Cent 
a@ and C Table | Stress | of @1and, 1G: Transformed of 

1 Ult. ap enc Av. 
Ord. Ord. 64 200 ig 3.4 0.107 | 3.4 0.107 82 
Air 3.4 0.131 65 400 2 3.2 0.107 | 3.4 0.114 88 
28 days 66 600 ? Ee 0.118 | 3.4 0.181 101 
Portland Cement 67 800 ? 3.9 0.192 | 3.4 0.168 129 
Rich Silica 13 400 9 2.5 0.080 | 3.0 0.1025 | 110 
Air 3.0 0.092 14 800 | 18 3.5 O.TIO) |) 320 0.093 100 
21 days 15 1200 | 28 ove 0.093 | 3.0 0.0865 93 
Portland Cement 16 1600 | 37 2.8 0.085 | 3.0 0.092 98 
Ord. Granite | 44 300 | 13 4.4 0.242 | 5.0 0.267 93 
Air (P. C.) 5.0 0.287 45 600 | 26 4.89 0.270: | -5.0 0.274 95 
28 days J 46 900 | 40 5.65 0.350 | 5.0 0.322 112 
Ord. Granite 38 300 | 13 2.94 0.057 | 4.8 0.095 66 
Water (P. C.) 4.8 0.145 39 600 | 26 5.10 0.150 | 4.8 0.143 100 
28 days 40 900 | 40 6.40 0.228 | 4.8 0.190 133 
Ord. Granite 41 600 | 26 3.36 0.122 {3:3 0.119 94 
Air (PC) 3.3 0.128 42 900 | 40 3.10 O6110) | 3.3 0.118 94 
3 months 43 1200 | 53 3.55 0.152 | 3.3 0.141 112 
Ord. Granite 35 600 | 28 ) B3n2433 0.040 | 4.0 0.045 72 
Water (P. C.) 4.0 0.065 36 900 | 40 3.84 0.062 | 4.0 0.063 100 
3 months 37 1200 | 53 4.93 0.094 | 4.0 0.080 127 
HB: 84 300 (Gs 16e0) 0.059 | 2.46 0.0705 | 123 
Cement 85 600 | 15 2.50 0.059 | 2.46 0.0575 | 100 
Ord. Ord. 2.46 0.057 86 900 | 22.5 | 2.40 0.048 | 2.46 0.050 87 
Air 87 1200 | 30 2.60 0.058 | 2.46 0.0535 93 
28 days 88 1500 | 37.5 | 2.60 0.060 | 2.46 0.0555 97 


cement called “rapid hardening cement”’ by the English investigators. 
The values ‘‘Av. Transformed a and C”’ are averages for transforma- 
tions of C to the average a value for the group for 2, 28, 90, and 365 
days as was done for other comparisons. 


A general advance in the percentages is noticed in the granite con- 
cretes in the ‘Ord. Ord. Air 28 day” group. The silica and the high 
early strength cement concrete groups seem to show the reverse, 
or rather no general trend. The granite concretes in air show little 
change until the unit stress gets quite high, 40 and 53 per cent of the 
ultimate, which is hardly within the range of working stresses. The 
general advance for the “Ord. Ord. Air 28 day” group cannot be 
explained. The same may be said of the granite concretes in water, 
but it is noticed that these conditions are special. Whether or not 
the plastic flow is proportional to the stress for concretes in water can 
hardly be definitely stated from these few tests, but it is possible that 


this lack of proportionality is general. 
HIGH EARLY STRENGTH CEMENTS 


All the data at hand on high early strength or rapid hardening 
cements came from England. A comparison of all six groups, Table 2 
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with their corresponding groups among the portland cement concretes 
showed a reduction in plastic flow for the high early strength cement 
eoncretes. The average for all was 50 per cent. The highest ratio 
was that for “Rich, Ordinary, In Air, 28 days” which was 61 per cent. 
At three months the ratio was 53 per cent. 


The effect of age at loading was much the same for rapid hardening 
as for ordinary cement; the expression works out roughly to be 


C =0.26a~ which is between the general expression and that for rich sand- 


stone in air. 


The effect due to the concrete working in water was in the same 
direction but not so great as for the portland cements. The ratio of 
plastic flow in water to that in air is 0.80. 


ALUMINOUS CEMENTS 


The data for the aluminous cements also all came from England. 
Here again as for the high early cement concretes the plastic flow was” 
not nearly as great as for the normal portland cement concretes. 
The average ratio for the specimens kept in air is 44 per cent. The 
smallest appeared at seven days and the largest at 90 days. The three 
ratios for seven days, 28 days, and 90 days are 28 per cent, 33 per 
cent, and 72 per cent. 


The effect of age at loading was in the same direction as for normal 
portland cements or high early strength cements but not nearly so 
great. The expression is 


C_= 0.090'a ** 


The effect due to the concrete working in water was found to be 
opposite to that of the other two. The ratio of the plastic flow for 
the concrete in water to that in air is 1.18. 


MECHANICS OF PLASTIC FLOW 


Deformations in concrete other than elastic deformations particu- 
larly those due to shrinkage and plastic flow, present problems in 
mechanics the solutions of which are not now generally found in 
texts. Only a few attempts at solution have so far appeared in tech- 
nical journals and research publications (Bibliography Nos. 10, 15, 16, 
and 17). In order to help remedy this deficiency a number of theoreti- 
cal expressions and procedures will be developed and set forth in this 
paper. A set of tests will be described which confirms a portion of this 
theory to some extent. 
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The general field might be divided into plain concrete and reinforced 
concrete. A number of other divisions are necessary. Shrinkage and 
plastic flow are not alike in their action and should be dealt with 
separately. Plastic flow problems are divided into two main classes, 
those resulting from sustained load, and those from sustained strain 
such as constant deflection. Structural members, particularly those 
of reinforced concrete, are classified as columns or beams. It is 
possible that beams should be subdivided into those simply or singly 
reinforced and those carrying steel in compression as well as in tension, 
often spoken of as doubly reinforced beams. 


Shrinkage of Columns 


Shrinkage of plain concrete produces no difficult problems of stress 
distribution except where the externals, forms and stresses, of other 
members are affected. 


Shrinkage stresses in symmetrically reinforced members may be 
solved very easily. 


Given a unit length of a symmetrically reinforced member, Fig. 2. 
The plain concrete shrinkage is represented by A. The reinforced 
member tends to shrinka but the steel, not being affected by humidity 
and drying out, resists this shrinkage and the actual shrinkage of the 
reinforced member is 6;. It is assumed that the steel is perfectly 
bonded to the concrete. The concrete is then elongated 6, and the 
steel is compressed or shortened 6,. Since no external forces are con- 
sidered, the total stress on the steel equals that on the concrete and 
will be designated by P. 


P/Ac 
E; = P/As and Ee — / 
5s 6c 
and 6, +6. =A 


ote Des 


i P = EAA 
from which EDIE) 
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From this formula it is easy to compute the unit stresses in either the 
steel or the concrete. 

This expression is worked out on the basis of perfect bond between 
the steel and the concrete and for any unit length of a symmetrically 
reinforced member. The value P and the unit stresses are therefore 
constant from end to end of the member and consequently there is 
no differential to produce bond stress. Now it is obvious that com- 
plete absence of bond stress is incompatible with the practical situa- 
tion. The theoretical answer to this is, therefore that infinite bond 
resistance is demanded at the ends of a column or other member 
whether long or short. This condition again is impractical. The 
practical situation then is that a length of embedment is necessary at 
the ends to develop this bond requirement before the full value of P 
can obtain. This requirement means that slippage occurs at the 
extreme ends and the length of embedment necessary will depend upon 
the surface conditions of the steel and the ability of the concrete to 
bond heal after very slight slippages have occurred and upon the bond 
plastic flow property of the concrete. 

Little has been published so far on tests for bond plastic flow but 
what has been published (13) and tests now in progress indicate that 
the property is worthy of investigation. Glanville (26) has made 
and reported tests on shrinkage stresses and shows in some cases 
this required length of embedment to be from three to 36 inches for 
¥ and 34 inch round bars. 

The value P when shrinkage occurs at early ages is materially 
reduced by the plastic flow of the concrete. So is the tendency for 
the concrete to crack. Shrinkage movements are not dependent upon 
age as are plastic flow movements so that the latter cannot always be 
depended upon to reduce the stresses. As the concrete grows older 
the tendency to crack is increased and probably a much greater length 
of end embedment is necessary. The full stresses due to shrinkage 
are then not so widely distributed over a member but the shrinkage 
actions apparently tend to interfere with and impair the bond resistance 
at regions of cracks and at the free ends. 

Shrinkage Warping of Beams 

In considering the bowing or warping of singly reinforced concrete 
beams the same procedure as that for the symmetrically reinforced 
member will be used with the addition of bending action and the 
general principle of area moments. See Fig. 3. 

The presence of steel off the neutral axis of the section will cause the 
vertical straight line before bending to become an inclined straight 
line after bending and a couple will be formed whose arm is the dis- 
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tance between the neutral axis of the compound section and the 
center of gravity of the steel. The moment of the area of half of the 
M/HEI diagram, involving this moment about the end will give the 
middle ordinate of the bow. 


P/A, P/bd fle 


E, has Bs = M = Pr 
és 5¢ r 
Je Pn Pnr? 
= eS, bc = = 
Espbd Ebd oe 
A=8+6 + & 
EA 
P = 
1 n nr 
ak 


Unit L ength 


NV: 


\ 
. 


Fie. 3 


Here the neutral axis for the entire concrete and transformed steel 
sections is r distant from the center of gravity of the steel. The moment 
of inertia I, is also taken for the entire working cross-section. 


Fig. 3 applies all along the length / of the beam and the moment M 
is constant. The moment diagrams is then a rectangle Ml. The 
length 1 should be selected not as the entire overall length but with 
the necessary end lengths of embedment in mind. The central deflec- 
tion or bow is 

MP _ Prin 
 8Ede 8Eile 


This formula has been worked out upon the assumption that the 
entire depth d is working or that no cracks have penetrated beyond 
the steel, and also that cracks have entirely destroyed the value of 
the concrete below or outside of the steel. If the beam has been 
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loaded, so that it is known that cracks have been formed, which pene- 
trate much farther than the steel, some change in this procedure must 
be made. It may be well to use the term “7? to represent a fraction 
of d so that qd represents that part of the depth d which is working. 
See Fig. 3b. It is only feasible to assume this value g to be constant 
for the full length of the beam and the basis for assuming a value 
for q is found in test data. Fig. 4 shows one of several tests made at 
Ohio State University from which such an assumption may be made. 


The values for 6,, 6.) and 6, are then: 


IP Page Pn ee Pnr? 
E.pbd ° ~ E,ybgd ecunTt te 


i, = 

It should be noted that 7 and J, must be computed from the reduced 
section gd instead of from d. 

Calculations for conditions involving compression reinforcement 
such as for doubly reinforced beams, arch rings, and columns are no 
more difficult. The couple arm in all cases is the distance from the 
neutral axis of the entire section to the center of gravity of all of the 
steel. The location of the neutral axis and the moment of inertia 
are computed from the total working area comprising the working 
area of the concrete, and all the steel. In transforming steel areas 
which are in a working area of concrete it is a bit more accurate 
and no more difficult to use n — 1 rather than n. 


Plastic Flow—Columns—Sustained Load 


For the theory of stress distribution change in reinforced concrete 
columns under sustained load we are indebted to W. H. Glanville (15) 
of the Building Research Station of England. He presents 

f= i or fe = —--— where 
reer | 
Cc the unit plastic flow for a unit stress of unity 
fo = the unit stress in the concrete at time of loading 


fe = the unit stress in the concrete after a time 
e + the Naperain base 


é 


| 


An expression similar to this is derived in detail in a discussion of 
reference number 22 by the author, where the formula appears in the 
form: 


fe or fo by Glanville 


phat: 
6h pik 


fez or fe by Glanville = 


Cr'/* replaces Glanville’s term c. 
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It is possible to obtain fairly accurate values for fee by means of 
what might be termed the modular ratio change procedure. A new 
modulus of elasticity for concrete may be expressed by including the 
plastic with the elastic deformation. 


ike 


Mx — ae ae, 
6c + Cx’ 


s 


A new modular ratio 


=N or N=n+E#,Cx'/* may be used to find 


the unit stresses 
~p@—t)+1 
POI 
The error in the increase of fsz over fs of this approximation according to Glan- 
ville (15) is never more than 23 per cent. This maximum error occurs where 
CpE.x'/* 
p(n—1)+1 


fee ite 


equals 1.8 or 2.0. 


Columns-Sustained Strain 


The situation in this problem is unique in that variations in stress 
are to be computed on the basis of non-changing deformations. From 
an elastic standpoint this is absurd. In order to consider this problem 
infinitesimal deformations and instantaneous retrievings of original 
form must be imagined. To maintain no change in the deformation 
the rate of plastic flow must just equal the rate of elastic recovery. 
This problem is the same for plain concrete and reinforced concrete. 
The presence of reinforcing steel has no effect since no change in the 
deformation of a member causes no change in the stress in the steel. 


An expression for the unit stress in the concrete after a time has 
been worked out by C. S. Whitney (8). 
fo ie 


iio = e(#ec) or lee = e(zecn'/*) 


Beams—Sustained Load 


When considering the problem of solving for deflections of singly 
reinforced beams under sustained load, the following conditions are 
apparent. The concrete and steel are separate and therefore act 
separately, which is different from the condition of columns; there is 
no continuing transfer of stress from a plastic to a non-plastic material. 
Since the assumption has been made that the plastic flow is propor- 
tional to the stress, the straight line principal may be carried through 
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into plastic conditions with accuracies as great as for the elastic. 
Fig. 5(a) shows what might be expected to take place. The problem 
may then be solved in the usual manner as for elastic conditions when 


N =n+E,C2x'/* 


is substituted for the usual value, ». The data obtained by this 
procedure is then available for solving for unit stresses. 
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As discussed under the head of shrinkage the difficulty with this pro- 
cedure is the uncertainty, on account of cracks, as to what should be 
considered to be the working depth of concrete. For this reason it is 
feasible only to assume some qd depth for computing the location of 
the neutral axis and the value for the moment of inertia. 


This is the theory presented by Oscar Faber (10) and its practical 
accuracy is illustrated by Fig. 9 of the test description. 


Beams—Sustained Strain 


The action at a section of a beam under sustained deflection is 
illustrated in Fig. 5b in contrast to that for sustained load Fig. 5a. 
In both cases the neutral axis moves toward the tension steel because 
of the reduction of the effective concrete modulus or the increase of N. 
The increasing deflection in the case of sustained load causes an 
increased tipping of the line. The stress in the steel increases because 
of the reducing of the arm of the internal couple. In the case of the 
sustained deflection the straight line after a time must remain parallel 
to the zero time line in order to maintain constant deflection. As 
the load must reduce, the unit stress in the steel is likely to reduce 
unless the decrease in the arm of the internal couple more than offsets 
this load reduction. The parallel movement of the line would sum 
up for the whole beam as a total shortening of the beam. This change 
would probably not be large enough to be of any real consequence. 


Considering the case of the sustained deflection, it is evident that 
the moment of the M/EI diagram must remain constant notwith- 
standing that M, F., and J, change with time. The change to E-. as 
evidenced by the expression for N, depends entirely upon the plastic 
flow values C and a and not upon the amount of stress. For any 
loaded beam of uniform cross-section the only change from point to 
point on the beam is the amount or degree of stress. From this 
condition it follows that the effective modulus of elasticity of the 
concrete, E.2, is constant from end to end of the beam for any one 
time x. The location of the neutral axis and the moment of inertia are 
therefore also constant. If H;, E.2, [- and consequently N are constant 
from end to end, and the moment of the area of the moment diagram 
must remain constant, then the shape and size of the M/EI diagram 
will remain the same.* The shape of the elastic line of the beam 
must also remain constant, and its slope must be constant at all 
points. This reasoning shows that the loading at any time of a beam 
loaded to maintain constant deflection may be computed from N, qd, 
the general dimensions of the beam and the loading and span conditions. 


*See test confirmation page 176. 
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The procedure then is the same as that for sustained load excepting 
that M must be solved for in the moment areas expression instead of 
the deflection which is constant and obtainable from the elastic 
conditions. 

The similarity between the case of the column under sustained 
strain and the beam under sustained deflection may be so striking as 
to suggest a question as to the accuracy of this modular ratio change 
procedure. It seems, however, that the adoption of the straight line 
principle answers this question. The method appears to be vindi- 
cated by the tests on beams reported herewith. 

Plastic Flow Tests on Beams* 

Though many tests have been made to determine the rates of plastic 
flow on plain concrete in direct compression, little study has been 
made on the rates of plastic flow and change of stress for beams under 
sustained deformations or deflections. 


The object of these tests was to obtain information on the rate of 
load release for constant deflection on a beam, and to compare this 
figure with beam deflection variations for sustained load and plastic 
flow for sustained load on plain concrete. 

Four simply reinforced beams, 6 in. x 9 in. x 13 ft., and three prisms, 
4in x 4 in. x 2 ft. 1 in., were made simultaneously of concrete propor- 
tioned 1:3.8:3.94 by weight with a cement water ratio by weight of 1.15. 
The ultimate strength average for four standard concrete compression 
specimens at 27 days under standard curing was 3080 p.s.i. The 
modulus of elasticity for the concrete, average of two was 3,120,000 
p.s.i. This concrete is listed as No. 26 in Table 1. 

One of these beams was used for constant loading and a second 
for constant deflection. The other two beams were used as reference 
beams so as to eliminate the effect of dead load and, as much as possible 
the effects of temperature and humidity changes. The set-up is 
shown in Fig. 6. The two near beams, O and P, were used for the 
sustained deflection test and the two far ones, Q and R, for the constant 
load test. Water in steel drums, A, made up the most of the load for 
the near beam and two pieces of steel, B, for the far beam. The large 
steel beam, C, served merely as a support for the reactions. The 
loading straps went through holes in the web of this steel beam. Ames 
dials D and E served to measure the deflections. An electrical con- 
tact contrivance, F, sensitive to 0.00005 of an inch, with red and 
ereen lights, G, aided in maintaining the live or concentrated load de- 


*This series of tests was performed by G. E. Large, Associate Professor of civil engineering, The 
Ohio State University. Associated with Mr. Large in this work were C. T. Morris, Professor of civil 
engineering, who offered the original suggestion and acted as advisor, and J. R. Shank. H. J. Hoffman, 


Station draftsman, rendered valuable assistance. 
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flection constant. Recording thermometer and hygrometer, H and 
J, produced data on the temperature and relative humidity for the 
time of the test. See Fig. 7. 

When the tests were started and the supporting frame K under the 
drums was removed, the deflection of the near beam was maintained 
constant by letting water out of the drums, A. Readings on water 
release and on the deflection of the far beam were taken continuously 
day and night for ten days. The loadings on the far beam, concen- 
trated at two points each 12 inches from the mid-span, amounted to 
534 pounds each. The span was 12 ft. The loadings at the start for 
the near beam or constant deflection test were the same and similarly 


placed. 


174 JoURNAL OF THE AMERICAN CONCRETE InstituTE—Proceedings 


| 


Plastic Flow 


2 0.04 409 Plot of 

x Prism No.26 of Table L 
90.08 1 1 eased for 

x Plastic Flow Tests on Bearns 
J 

$0.02 “dae or) I eqyerer 
SK hi (204 as OA a6 AGLO ee 3 


iGsS 


One of the 4 in. x 4 in. prisms was placed in the spring loading 
device M at the beginning of the test and readings were taken on it 
by means of the fulcrum plate strain-gage, N. Readings under con- 
ditions of no load were taken at the same time on one of the other 
prisms which acted as a control specimen and served to eliminate the 
effect of temperature and humidity. These readings were continued 
for a greater time than ten days. The results are shown on the log 
plat Fig. 8. Of the two curves drawn, the lower one, y = 0.132 x ‘/*, 
is given under No. 26 of Table 1, and the other one, which will be 
spoken of later in the discussion, seemed to fit the constant deflection 
test. 


The results of these tests are shown on Fig. 9 and 10. Circles 
represent observed values and curves are drawn from theoretical 
calculations as indicated in this paper. The observed elastic or initial 
deflections served as bases for obtaining the average crack penetrations 
or the values g. The observed elastic deflections immediately after 
loading were 0.067 inches for the constant load test and 0.056 inches 
for the constant deflection test. These two deflections are obtained 
from computations when the values for q are taken as 1.03 and 1.12 
respectively, and their corresponding working depths gd are 8.00 and 
8.68 inches. Adjustment of the fraction g was found to be necessary 
for the constant load test to produce the conformity shown on Fig. 9 
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and of the value C in y = Cz'/« in the constant deflection test, Fig. 10° 
A curve computed and drawn for constant load, P = 534, q = 1.03’ 
E, = 3,120,000 p.s.i., Z. = 29,000,000 p.s.i. and y = 0.132z'/26 would 
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fall below the observed points on Fig. 9. If ¢ is changed to 0.97 the 
curve as shown is produced, but the elastic deflection would be 0.077 
inches. The first three points plotted after the initial at 0.067 inches 
show that a progressive cracking took place in the first fifteen or 
twenty minutes and a curve drawn for the points plotted might just 
as well have started at 0.077. The original data showed that the 
deflection 0.077 inches occurred 15 minutes or about 0.01 days after 
initial loading. The dashed curve is drawn to conform to a change of 
Cin y = Czx'/« which was necessary for the theoretical curve for the 
sustained deflection test. 


The results for the sustained deflection test are shown in Fig. 10. 
A theoretical curve g = 1.12, E, = 3,120,000 p.s.i., E, = 29,000,000 
psi, C = 0.132 and a = 2.6 falls considerably above these points, 
and an adjustment considering crack penetration, as was made for 
the sustained load test was not possible, in this case. To reduce the 
value of ¢ was in the wrong direction and the full nine inches of depth 
was not sufficient to bring the theoretical curve down to the points 
observed. The curve as shown is drawn for g = 1.12, E. = 3,120,000 
p.si., Z. = 29,000,000 psi, C = 0.165 (instead of 0.132) and a = 
2.6. The formula for plastic flow for plain concrete had to be changed. 
This formula y = 0.1652'/2* is shown on the log plot Fig. 9 as the 
dashed or upper line. It is of interest that this curve suits the observed 
data fairly well for the first half day. The dashed curve on Fig. 9 is 
drawn to suit this change in C and without any correction for q. 


At the beginning of the test of the constant deflection beam a 
sensitive clinometer was applied to the ends of the beam to see if 
there might be any change in the slope of the elastic line as time went 
on. Toward the end of the first day these measurements were dis- 
continued because no change was apparent. This confirmed the 
statements of page 171, lines 32-36. 


These tests show that the theory given in this paper conforms to 
test observations even though the problem of obtaining the correct 
values for the plastic flow formula is not yet completely solved. The 
uncertainty of obtaining correct information concerning the crack 
penetration will probably always remain the greatest source of error 
when trying to estimate deflections and load release. It should be 
noted that the adjustment of the plastic flow constant C from 0.132 
to 0.165 is contrary to the effect of size of specimen as given by Davis, 
Davis, and Hamilton (14) on Fig. 7, page 368. The 4 in. x 4 in. prism 
showed the lower plastic flow in spite of its being the smaller cross- 
section. 
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Beams Reinforced for Compression 


The tests just described and the theoretical discussions for beams 
already given deal with conditions wherein the steel is generally 
outside the region of working concrete. The doubly reinforced beam 
or beam reinforced for compression is not in this class, which brings the 
theory for columns to mind. The complexity and difficulty involved in 
developing a theory for doubly reinforced sections in bending, along 
the lines laid out by Glanville for columns, appear to be very great and 
we are therefore driven to consider the degree of approximation, when 
using the method of modular ratio change, used here for singly rein- 
forced beams. 


Glanville (15) after developing his theory for columns considers the 
degree of the approximation when the modular ratio change method 
is used for columns. He finds that the maximum error in the changes 
of the unit stresses after the elastic action has taken place is 23 per 
cent. The amount of this error depends upon a term c/b used by him 


ge Cae ding to hi l pfeil 
whicn 1s p(n—1) +1’ & correspon ing to Nis value c an vB, 


to 6. The former or numerator is the unit plastic flow for unit unit- 
stress and the latter is a term obtained from the dimensional and elastic 
properties of the column. The former varies with time and the latter 
is constant. This maximum of 23 per cent obtains when c/b is around 
1.75 or 2.00. The error which is obviously zero at zero time increases 
quite rapidly to the value of 1.75. After the value 2.00, the error 
reduces with advancing value of c/b and approaches zero when c/b 
approaches infinity. 


It appears that the modular ratio change method might be used 
as a good approximation, and if conservative results are required the 
changes in the unit stresses might be increased by 20 per cent. In 
any practical problem, uncertainties about the crack penetration, the 
real elastic properties of the concrete, and the plastic flow expression 
are great enough so that it is hardly practical to use any theory more 
complex than the modular ratio change method. 


Bending and Direct Stress Conditions 


The problem in elastic calculations for bending and direct stress 
combinations is complex largely because of the assumption that no 
concrete acts in tension. This assumption is responsible for the cubic 
equation. After the line of zero combined fiber stress is found it is 
necessary only to compute the stresses at any fiber separately for bend- 
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ing and direct stress and to combine them. The bending stress is 
best found by the moment of inertia of transformed section method. 
When considering deflections or stresses arising from deflections the 
assumption that no concrete acts in tension is untenable and some 
value for g must be assumed. Here again as for the doubly reinforced 
beam, changes in unit stresses due to plastic flow may be calculated 
by the modular ratio change method for the bending and by the more 
accurate theory of Glanville for the direct stress, and combined, with 
a degree of accuracy that is apparently the best that may be hoped for. 
Deflections may be computed on the sa me basis. 
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Submitied by Committee 501. Standard Building Code 


A. W. STEPHENS, CHAIRMAN 
AND R. R. ZIPPRODT, SECRETARY 


Tue Tentative Building Regulations for Reinforced Concrete now 
in use were adopted as a Tentative Standard of the American Concrete 
Institute at the 24th annual convention, Philadelphia, Febrary 28, 29 
and March 1, 1928. 


The eight intervening years have seen many advances in design and 
construction. Committee 501 of the American Concrete Institute, 
acting with the Committee on Engineering Practice of the Concrete 
Reinforcing Steel Institute—in accordance with the agreement reached 
previous to the 24th annual convention—has revised the Tentative 
Standard, as adopted in 1928, to bring it into agreement with current 
practice and developments. 

Though, in general, the proposed revised Tentative Standard follows 
the form of that adopted in 1928, many changes in the requirements 
have been made. Among the more important are the following: 

1. The requirement that all concrete exposed to the weather shall 
have a minimum ultimate 28-day compressive strength of 3000 p.s.i. 


2. The revision of the chapter on Concrete Quality and Working 
Stresses to conform to recent developments in present day practice. 

3. The allowable unit stress in wire mesh or other steel reinforce- 
ment, not exceeding 14-in. in diameter, when used in one-way slabs, 
has been increased from 20,000 to 30,000 p.s.i., based on recent tests 
at the University of Delaware. tf 

4. The addition of a set of allowable unit stresses for concrete 
having a minimum ultimate 28-day compressive strength of 3750 

‘s.0 
‘ 5. Important changes have been made in the requirements for 
flexural computations in the case of structural members spanning in 
one direction, thereby affording the designing engineer the opportunity 


*For presentation 32nd Annual Convention, Chicago, Feb. 25-27, 1936. , , 
tSee UConorsts Slabs Reinforced with Welded Wire Fabric”’ by T. D. Mylrea, in this JournaL. 
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of utilizing the principles of continuity which have come into general 
acceptance since the issuance of the previous Tentative Standard. 


6. The complete revision of the requirements for the design of 
two-way slabs which are supported on four sides. 

7. Changes in the design requirements for columns based upon the 
very extensive series of tests sponsored by the Institute through 
Committee 105, Reinforced Concrete Column Investigation; tests were 
made at Lehigh University and the University of Illinois. 

8. Changes have also been made in the requirements for the con- 
crete protection for reinforcement; shear and diagonal tension; bond 
and anchorage; resistance to wind forces; monolithic walls; and the 
chapter on flat slabs has been rearranged for more convenient use. 


This report represents the work of eleven Sub-Committees of the 
two main cooperating committees. All sub-committee reports have 
been approved by a majority of the members of each such sub-com- 
mittee. Certain sections, not otherwise covered, were referred to 
the Editorial Sub-Committee with power to act. 

Committee 501 submits the revised report with the recommendation 
that it be adopted as a Tentative Standard. 


The complete report of Committee 501, as proposed 
for adoption as a new Tentative Standard of the Institute, 
is now available for distribution. One copy will be sent 
without charge to any Institute member whose request 
for it is received by the Institute Secretary before June 
10, 1936. It will be available also to non-members—and 
additional copies to members—at 50 cents per copy. 
Committee 501 will make formal presentation of the 
report at the 82nd Annual Convention, Chicago, February 
25-27, 1936, when the proposed new code will be open to 
discussion. Priority of consideration will be given to 
such discussion as is submitted in duplicate in advance of 
the convention to the Institute Secretary. Action on the 
report, in reference to the proposal to adopt it as a new 
Tentative Standard, will be in accordance with the By- 
Laws, Article 6. 


IsteG STEEL FOR CONCRETE REINFORCEMENT* 


D. B. STEINMANT 


MEMBER AMERICAN CONCRETE INSTITUTE 


ENDER OD Ur Crt OWN 


IstreG steel reinforcement, extensively used in Europe, consists of 
two plain round bars, initially straight and parallel, which have been 
twisted together cold to form a double helix. During the twisting 
operation, the ends of the two bars are rigidly restrained against 
longitudinal movement, thereby stretching the bars during the twist- 
ing operation. The Isteg steel is thus cold worked in tension and 
torsion. The physical properties and shape resulting from this cold 
working operation render the twin bar “‘Isteg’’ superior to the original 
plain round bars for concrete reinforcement. 

To verify the physical properties and behavior of Isteg steel in 
comparison with the conventional types of concrete reinforcement, a 
comprehensive test was conducted at the Civil Engineering Testing 
Laboratories of Columbia University, from September, 1934 to March, 
1935. The program included comparative tests on Isteg, plain round 
and deformed round bars, and comprised tension tests, cold bend 
tests, rectangular beam tests, T-beam tests, and bond tests. 

All of the steel reinforcement for these tests was furnished by the 
Kalman Steel Corporation, a subsidiary of the Bethlehem Steel 
Corporation. To insure uniformity in the quality of the steel, all 
bars were rolled from billets taken from one heat of steel. The physical 
properties of all the straight bar stock were in accordance with the 
standard specifications for structural grade billet steel concrete rein- 
forcement bars, A. 8. T. M. serial designation A 15-30. The deformed 
bars were the Bethlehem type. 

The Isteg bars were twisted together, at room temperature, to the 
specified pitch of 12.5 times the diameter of a single bar. It was 
desired that lengths of 48 ft. be twisted, to minimize the relative 
effect of longitudinal yield of the machine, but the only machine 
available was the one used for twisting square bars in which the twisted 
length was limited to 17 ft. 6 in. The Isteg bars furnished were pro- 


*Received by the Institute Secretary, June 17, 1935. 
+Consulting Engineer, New York City. 


(183) 


184 JoURNAL OF THE AMERICAN ConcreTE InstiTuTE—Proceedings 


vided with straight untwisted ends 24 in. long for comparative tension 
tests on the original material. 


The concrete for all tests was made of uniform materials, proportions, 
curing, and strength, the 69 control cylinders closely checking the 
uniform strength of approximately 3300 p.s.i. in 28 days. 


1. TENSION TESTS 


In addition to the determination of the usual physical properties, 
the tension tests included strain measurements from which the modulus 
of elasticity and the stress-strain curves were obtained. Both ‘‘con- 
tinuous” load tests (with continuous application of increasing load) 
and “repeated” load tests (with release of loading at intervals to 
obtain permanent “set” measurements) were included. 


The “useful” limit or “yield strength” of reinforcing steel is defined 
as the stress producing a permanent elongation of 0.2 per cent or a 
total elongation under load of 0.4 per cent. These two criteria yield 
almost identical values. Below this stress, the effect of any plastic 
yielding upon the usefulness of the material is negligible; beyond this 
stress, the capacity of the concrete to follow the strain of the steel is 
impaired. For all bars tested, the “yield strength” was determined 
from the plotted stress-strain curves. In the case of the hot-rolled 
rods (plain and deformed bars), this yield strength is not appreciably 
different from the yield point as determined by the “drop of the 
beam” method. In the case of the cold worked material (Isteg bars), 
in which the stress-strain graph is a smooth curve in the region of 
yield, there is no definite “yield point” and the “drop of the beam” 
method cannot be used. 


The results of the tension tests on the Isteg bars are recorded in 
Table 1. 


TABLE 1—TENSION TESTS ON ISTEG BARS 


Isteg Yield Strength Ultimate Strength 
Bar Size Type of Test p.s.i. p.s.i. 

34" bp Repeated 56,500 65,800 
34" bb Continuous 56,400 66,900 
34" bb Continuous 56,100 : 66,200 
14" bh Continuous 56,100 65,700 
4" bb Repeated 55,600 65,600 
16" oo Continuous 55,500 66,700 
5" od Repeated 51,700 61,900 
54" bh Continuous 51,300 62,400 
54" bb Continuous 51,200 61,900 

” bp Repeated 50,900 58,150 


RINE 
= 
¢ 
ao 


Continuous 50,800 58,200 
” bb Continuous 49,700 58,900 
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The average value of the elastic modulus EZ was 30,124,000 for the 
plain round rods and 22,854,000 for the Isteg bars. Accordingly the 
value of n for Isteg bars should be taken at 34 of the value used for 
the plain rods. 

The increase in strength resulting from the Isteg cold-twisting 
operation is shown in Table 2 of comparative tension tests on plain 
round bars and Isteg bars. 


TABLE 2—RELATIVE STRENGTH OF PLAIN AND TWISTED BARS 


(Average Values in Pounds per Square Inch) 


Plain Round Bar Isteg Bar Per Cent Increase 

Bar Size — 

Yield Str. Ult. Str. Yield Str. Ult. Str. Yield Str. Ult. Str. 

3" ? 39,900 57,900 56,330 66,300 41.0 14.5 
7a" ’ 36,700 56,700 55,730 66,000 51.9 16.1 
%" to) 34,800 53,900 51,400 62,070 47.6 15.1 
34" b 34,000 53,400 50,470 58,420 48.2 9.2 
e 
Average: 47.2 13.7 


The comparison (Table 2) shows that, as a result of the cold-working 
(twisting and stretching), Isteg bars are superior to plain round bars 
(of the same steel and the same diameter) by 47.2 per cent in yield 
strength and by 13.7 per cent in ultimate strength. There is a further 
strength advantage resulting from the usual substitution of smaller 
diameter Isteg bars for any specified diameter of plain round rods. 
Thus 34 in. $¢ Isteg would replace 5 in. ¢ plain rounds, yielding (from 
Table 2) an increase of 62 per cent in yield strength and 23 per cent 
in ultimate strength; and, similarly, 4 in. ¢¢ Isteg would replace 34 
in. ¢ plain rounds, yielding an increase of 64 per cent in yield strength 
and 23 per cent in ultimate strength. Since yield strength is the sig- 
nificant tensile property of reinforcing steel, the foregoing comparisons 
indicate for Isteg reinforcement approximately 63 per cent more effici- 
ency than for ordinary plain round rods. 

The tests also indicated that deformed round rods have practically 
the same tensile properties as plain rounds, with perhaps a 2 per cent 
increase in yield strength and ultimate strength. With this correction 
the Isteg reinforcement appears approximately 60 per cent more 
efficient than deformed round bars. 


2. COLD BEND TESTS 


Cold bend tests were made in accordance with the standard methods 
upon thirty-inch lengths of each of the four sizes of Isteg bars, (3 in., 
V in., 54 in., and 34 in.) The bending operation was performed in a 
cold bending machine in which the bar is bent through 180 degrees 
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around a mandrel. When both elements of the Isteg bar were placed 
in contact with the mandrel, the mandrel diameter used was equal to 
the diameter of a single bar element. When the Isteg bar was placed 
so that only one element was in contact with the mandrel, the man- 
drel diameter used was equal to the overall bar diameter, i. e., twice 
the diameter of a single bar element. All of the Isteg specimens 
were bent cold without indication of cracking. 

In preparing the reinforcement for the beams subsequently tested, 
the Isteg bars were provided at the ends. with bent hooks in the cus- 
tomary manner. No difficulty was experienced in making these hooked 
ends, and no appreciable displacement of the elements or distortion of 
the bars resulted. , 

3. RECTANGULAR BEAM TESTS 

All of the reinforced concrete beams included in this series of tests 
were 12 in. by 12 in. in cross-section and 9 ft. in span. They were 
loaded at the one-third points with equal loads in a 200,000 lb. Riehle 
Universal Testing Machine. Stresses in the concrete and in the steel 
were measured with strain gages. 


One group of beams, designed for approximately equal design loads, 
had the percentage of reinforcement ranging from 0.45 to 0.62 per cent, 
depending upon the type of reinforcing bars used. A second group of 
beams, designed for a higher loading, had the percentage of reinforce- 
ment ranging from 0.80 to 1.25 per cent for the respective types of 
reinforcing bars. 

The beams with plain round and deformed bars were designed for a 
steel stress of 18,000 p.s.i. and n = 10. The beams with Isteg rein- 
forcement were designed for a steel stress of 27,000 p.s.i. and n = fae, 


The design stress calculated for the concrete at the design load in 
the beams of Group 1 was 700 p.s.i. for the beams with plain round 
and deformed rods and 1015 p.s.i. for the beams with Isteg reinforce- 
ment, or 45 per cent higher design stress for the concrete with Isteg 
steel. 

In the beams of Group 2, the concrete design stress at the design 
load was 1120 p.s.i. for the beams with deformed rods and 1450 p.s.i. 
for the beams with Isteg reinforcement, or 30 per cent higher design 
stress for the concrete with Isteg steel. 

The comparative results of these beam tests are recorded in Table 3. 

In the tests of Group 1 the beams with Isteg bars had 28 per cent 
less reinforcing steel than the beams with plain round rods but proved 
24 per cent stronger in the ultimate load they carried, indicating for 
Isteg reinforcement a 73 per cent greater efficiency. 
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TABLE 3—RESULTS OF RECTANGULAR BEAM TESTS 


Factor of Safety 
‘ Max. Observed 
Reinforcement Per Cent Max. Load Steel Stress Based on Based on 18000/¢ 
18000 p.s.i. 27000/d 
Group 1 
3" rr) Plain .624 22,700 34,800 2.38 2.38 
var ¢ Plain 643 22,600 34,450 2.40 2.40 
7%" ¢ Defd. .620 25,135 35,750 2.62 2.62 
2" b Defd. .623 24,970 35,500 2.56 2.56 
Eee ¢¢ Isteg .451 28,150 59,500 4.00 2.66 
3%" $¢ Isteg .456 27,950 59,750 3.99 2.66 
Group 2 
%" > Defd. 1.245 42,700 35,800 2.35 2.35 
%" & Defd. 1.230 42,000 36,000 2.27 2.27 
% ¢¢ Isteg .798 45,250 58,400 3.62 2.41 
14" o¢ Isteg .820 44,950 59,000 3.61 2.40 


Averaging the ratios yielded by the tests of Groups 1 and 2, the 
beams with Isteg bars had 31 per cent less reinforcing steel than the 
beams with deformed rods but proved 9 per cent stronger in the ulti- 
mate load they carried, a 58 per cent greater efficiency for Isteg steel. 


The maximum observed steel stress before failure in the beams with 
the respective types of reinforcement averaged as follows: 


Plain roundsbars -aanaee 34,625 p.s.i. 
Deformed bars.......... 35,762 p.s.i. 
Istegibars cee. dees bree 59,162 p.s.i. 


—indicating for Isteg reinforcement in concrete beams a 71 per cent 
greater efficiency than for plain round bars and 65 per cent over 
deformed bars. 

The observed factors of safety of the beams with the respective 
types of reinforcement, representing the ratios of ultimate load to 
design load at a steel stress of 18,000 p.s.i., averaged as follows: 


Plainsround barsy ase... see ese 2.39 
IDetormeds barsasas eer 2.45 
stertbarse acct cde crac re - 3.81 


On this basis of comparison, Isteg reinforcement in concrete beams 
yields 59 per cent higher factor of safety than plain round bars and 
55 per cent higher factor of safety than deformed bars. 

With actual design load based on a design stress of 18,000 p.s.i. for 
the plain and deformed rods and 27,000 p.s.i. for the Isteg bars (and 
with 30 to 45 per cent higher design stress for the concrete and n = 
7.5 instead of n = 10), the observed factors of safety of the beams 
with the respective types of reinforcement averaged as follows: 


Plainsroundsbarshere ee ee 2.39 
Deformedibarse eee eee 2.45 
iistecgbarsmeeane re isnt tat 2.53 


These concrete beams reinforced with Isteg bars, designed for a 
steel stress of 27,000 p.s.i., n = 7.5, and a concrete stress 30 to 45 


188 JouURNAL OF THE AMBRICAN ConcrETE Institute—Proceedings 


per cent higher than normally specified, appear superior to the test 
beams reinforced with plain or deformed bars designed for a steel 
stress of 18,000 p.s.i.. » = 10, and the concrete stress as normally 
specified. 

The tests also showed that the ultimate strength of beams is higher 
than the loads developing the full yield strength of the steel, by the 
following percentages for the different types of reinforcement: 


Plain rounds: 0-to 6%. Average 3% 
Deformed bars: 1 to 11%. Average 5% 
Isteg bars: 9 to 14%. Average 12% 


From these comparative results it appears to be on the safe side to 
base design stress for the respective types of reinforcement on the 
relative values of the “yield strength” as above defined. They also 
show that in comparison with the other types tested, the beams with 
Isteg reinforcement had a higher margin of ultimate strength above 
the yield strength of the reinforcement. 

This superior margin of ultimate strength of these beams above 
yield strength of the reinforcement explains why Isteg reinforcement 
which, in tests already recorded, was found to be 60 to 63 per cent 
superior to deformed and plain bars in direct tension tests, proves to 
be 65 to 71 per cent superior to deformed and plain bars in beam tests. 

The maximum loads carried by the beams per unit A, (sectional 
area of reinforcing steel) yielded the following average ratios: 


Plainiroundebarcaane ete 1.000 
DMeformedbarser ace ee 1.105 
Tsteg: barshewads. costae reer 1.760 


Accordingly, from the viewpoint of ultimate beam strength per pound 
of reinforcement required, Isteg steel was here 76 per cent more 
efficient than plain round rods and 59 per cent more efficient than 
deformed bars. 


In the beams of Group 2 (having high percentages of reinforcement), 
the maximum observed and calculated stresses in the concrete at the 
ultimate loads were 3300 observed and 2640 computed in the beams 
with deformed rods, and 3290 observed and 3510 computed in the 
beams with Isteg bars. With concrete of equal strength (approxi- 
mately 3300), the beam with deformed rods failed at a calculated 
concrete stress of 2640 p.s.i. whereas the beam with Isteg reinforce- 
ment (and 34 per cent less reinforcement) did not fail until the cal- 
culated concrete stress reached the high value of 3510 p.s.i. This 
comparison indicates a superior resisting power in the Isteg reinforce- 
ment in taking up and sustaining excess beam load after the concrete 
would normally be expected to fail. It also indicates that, with the 
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Isteg reinforcement, the actual ultimate capacity of the beams tested 
was greater than its calculated ultimate strength, and that a beam 
reinforced with Isteg bars will not fail when the ultimate strength of 
the concrete is theoretically reached, but will continue to carry 
increasing load even after the calculated stress in the concrete is 6 
per cent above the actual ultimate strength of the concrete and the 
calculated steel stress is 12 per cent above the actual yield strength of 
the steel. 

The foregoing comparisons of beam tests yield the following respec- 
tive values for the ratios of superior efficiency of the Isteg reinforce- 
ment over the plain and the deformed round bars: 


Superior Efficiency of Isteg 
over over 
Plain Bars Deformed Bars 
Ratio of Ultimate Loads divided by Ratio of Steel Used......... 173% 158% 
Ratio of Maximum Observed Steel Stress................0000-- 171% 165% 
Ratio of Ultimate Loads per Unit Section of Steel............... 176% 159% 
IAVETALS. cone esciec 173% 161% 


Hence, judged in these test comparisons, Isteg steel as beam rein- 
forcement was 73 per cent more efficient than the plain bars and 61 
per cent more efficient than the deformed bars. 

4. TESTS ON T-BEAMS 

The T-beams in this series of tests were 1914 in. wide by 11 in. 
deep, with 4-in. top flange and 714-in. stem, and 9 ft. in span. The 
comparative results of these T-beam tests are recorded in Table 4. 


TABLE 4—TESTS ON T-BEAMS 


Factor of Safety 
Max. Observed |—— 
Reinforcement Per Cent Max. Load Steel Stress Based on Based on 18000/¢ 
18000 p.s.i. 27000/¢¢ 
1\%" ¢ Defd. 1.161 52,180 36,700 2.20 2.20 
1%" ¢ Defd. 1.142 55,000 36,900 2.29 2.29 
34" bo Isteg . 843 55,000 53,450 3.28 2.18 
34" oo Isteg .812 57,600 53,400 3.30 2,21 


The T-beams with Isteg bars averaged 28 per cent less reinforcing 
steel than the beams with deformed round rods but averaged 5 per 
cent stronger in the ultimate load they carried, indicating for the 
Isteg reinforcement 46 per cent greater efficiency than deformed bars 
in these T-beams with relatively high percentage of reinforcement. 

The maximum observed steel stress before failure in theT-beams 
with the respective types of reinforcement averaged as follows: 


Deformed round bars... .36,800 p.s.i. 
istertbarseer. set ier 53,425 p.s.i. 
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This comparison indicates that Isteg reinforcement in these T-beams 
(with relatively high percentage of reinforcement) was 45 per cent 
more efficient than the deformed bars. 


The observed factors of safety of the T-beams with the respective 
types of reinforcement, representing the ratios of ultimate load to 
design load at a steel stress of 18,000 p.s.i., averaged 2.25 with the 
deformed bars and 3.29 with the ees bars, a 46 per cent superiority 
for the Isteg bars. 


The calculated design stress in the concrete at the actual design 
load was 1075 p.s.i. in the T-beams with deformed bars and 1480 
p.s.i. in the T-beams with Isteg bars, or a 33 per cent higher design 
stress for the concrete allowed in the design of the T-beams with Isteg 
reinforcement. 


With the actual design load for the T-beams based on a design 
stress of 18,000 p.s.i. for the deformed bars and 27,000 p.s.i. for the 
Isteg bars (with 33 per cent higher design stress for the concrete and 

= 7.5 instead of n = 10), the observed factors of safety of the T- 
beams were found to be practically identical with the two types of 
reinforcement. 


From this test comparison it appears that concrete T-beams rein- 
forced with Isteg bars, designed for a steel stress of 27,000 p.s.i., n = 
7.5, and a concrete stress 33 per cent higher than normally specified 
are as safe as T-beams reinforced with deformed bars designed for a » 
steel stress of 18,000 p.s.i. n = 10, and the concrete stress as normally 
specified. 


The tests also indicated that the ultimate strength of T-beams is 
higher than the loads developing the full ‘“‘yield strength” of the steel 
by 2 per cent in the T-beams with deformed bars and by 9 per cent in 
the T-beams with Isteg reinforcement. This comparison confirms the 
justification and safety of basing design stress for respective types of 
reinforcement on the relative values of the “‘yield strength.” It also 
confirms the conclusion that, in comparison with other types, beams 
with Isteg reinforcement have a higher margin of ultimate strength 
above the “yield strength” of the reinforcement. 


The maximum loads carried by the T-beams (of these tests) per 
unit A, (sectional area of reinforcing steel) are represented by ratios 
of 1.00 and 1.48 for the T-beams with deformed and Isteg bars, 
respectively. Accordingly, from the viewpoint of ultimate beam 
strength per pound of reinforcement required, Isteg steel (in T-beams) 
was 48 per cent more efficient than the deformed bars. 
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Despite the fact that the calculated maximum concrete stress at 
ultimate load was 2425 p.s.i. for the T-beams with deformed bars and 
3245 (or 34 per cent higher) for the T-beams with Isteg bars, the actual 
observed maximum concrete stress was almost identical in all of the 
T-beams (3288 with the deformed bars and 3285 with the Isteg bars). 
The departure in ultimate stress behavior of reinforced concrete beams 
from theoretical assumptions favors the beams with Isteg reinforce- 
ment and gives them a greater relative strength than is indicated by 
theory. 

5. CONDITION OF BEAMS AT FAILURE 


The cracks that developed in the beams (with each type of rein- 
forcement) under working loads were all too fine to show in photo- 
graphs made. 

The beams with plain and deformed bars developed a few major 
cracks near the center which, at failure, opened up from 0.20 to 0.30 
in. due to local bond failure and yielding of the steel. 

The beams with Isteg steel developed finer cracks which were more 
uniformly distributed over the length of the beam and which gradually 
opened up to about 0.10 to 0.15 in. in the middle third of the span 
just before ultimate failure. 


6. BOND TESTS 

The bond or “pull-out”? tests were arranged in four groups, each 
containing approximately “‘equivalent’’ sizes of the various types of 
reinforcing bars in order to compare the sizes that would normally be 
used in mutual substitution. 

All bars were 24 in. long and were embedded 8 in. in concrete blocks 
of 8-in. diameter. This length of anchorage is inadequate to do 
justice to the Isteg bars of the larger sizes (those in Groups 2, 3, and 4), 
inasmuch as a length equal to 1.6 times the pitch (or approximately 
20 diameters) should be embedded properly to show the full advantage 
in slip resistance afforded by the helical form. With insufficient 
length of anchorage, some unscrewing of the test bar is permitted 
by the untwisting of the free length outside of the concrete, and such 
untwisting was actually observed at the higher loads. In actual use 
in beams, the full length of bar is embedded in concrete and there is 
no free length to permit untwisting. 

The results of the bond tests are compared in Table 5. 

The test comparisons in Table 5 show that, despite the smaller 
sections of the equivalent Isteg bars (figured at the higher stress of 
27,000 p.s.i. to replace plain and deformed rods at 18,000 p.s.i.) the 
Isteg bars showed 43 per cent higher bond resistance than plain round 
bars and 23 per cent higher bond resistance than deformed bars. 
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TABLE 5—Bonp TEsTs 


Load at First Slip Stress at First Slip 

Test Bar = : : : 
p.s.i. Ratio p.s.i. Ratio 

Group 1—%%” ¢$¢ Isteg 1164 1.70 42,000 Doon 
3 i ¢@ Plain 685 1.00 17,760 1.00 

54" Defd. 879 1.28 23,200 1.31 

Group 2—1l4" $¢ Isteg 1406 1.27 28,920 1.45 
y ie ¢@ Plain 1110 1.00 20,000 1.00 

VY" & Defd. 1120 1Or 14,880. 0.74 

Group 3—5%" $¢ Isteg 1460 1522 19,040 a eae 
1’ Plain 1192 1.00 12/160 1,00 

1"¢ Defd. 1407 1.18 14,320 PAs 

Group 4—3{” $¢ Isteg 2105 1.53 18,960 2.02 
i 114" ¢ Defd. 1600 1.16 10,160 1.08 
Average— Isteg 1.43 1.85 
(4 Groups) Plain 1.00 1.00 
Defd. 1si6. Ie 1.08 


If the results of Groups 2, 3 and 4 are omitted, on account of insuffi- 
cient anchorage length (with excessive free length) to show the full 
advantages of Isteg bars, the tests show that the Isteg bars had 70 
per cent higher bond resistance than the plain round bars and 33 
per cent higher bond resistance than the deformed bars. 

In the foregoing comparisons it is important to remember that the 
Isteg bars developing these higher values of total bond resistance are 
approximately 33 per cent smaller in cross-section than the bars with 
which they are being compared. The Isteg bars show these superior 
values of total bond resistance over and above their handicap by the 
fact that the other bars are 50 per cent larger in cross-section. 

Table 5 also records the relative bond resistance in terms of the 
stress in the bars at first slip. This comparison shows that the Isteg 
bars were 85 per cent more efficient in bond resistance than the plain 
round bars and 71 per cent more efficient in bond resistance than the 
deformed bars. 

If, for the reasons previously outlined, the results of Groups 2, 3, 
and 4 are omitted from this comparison, the tabulated stress ratios 
show that the Isteg bars were 137 per cent more efficient in bond 
resistance than the plain round bars and 81 per cent more efficient in 
bond resistance than the deformed bars. 

It appears from these tests that Isteg bars, even after reducing 
their size for a unit stress of 27,000 p.s.i. as against 18,000 p.s.i. for 
plain and deformed round bars and 20,000 p.s.i. for twisted square 
bars, will yield a higher total value of bond resistance than any other 
type of reinforcement in use. 


7. INTERMEDIATE GRADE STEEL 
A number of Isteg bars were made of intermediate grade stee! 
3¢ in, 4 in., °@ in. and 34 in. diameter. These were tested in tension 
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to obtain a comparison of Isteg bars and plain round bars of this 
material. 


The yield strength of the original round bars ranged from 41,250 
to 48,400 p.s.i. The yield strength of the corresponding Isteg bars 
ranged from 59,500 to 65,000 p.s.i. The average increase in yield 
strength was 40 per cent. 


The ultimate strength of the original round bars ranged from 
73,300 to 77,800 p.s.i. The ultimate strength of the corresponding 
Isteg bars ranged from 70,400 to 81,200 p.s.i. The average increase 
in ultimate strength was 2.4 per cent. 


These tests showed that Isteg bars can also be made advantageously 
of intermediate grade steel and the yield strength (which is the sig- 
nificant characteristic of reinforcing steel) thereby be increased 40 
per cent. 


There appears to be a further strength advantage resulting from 
the usual substitution of smaller diameter Isteg bars for any specified 
diameter of plain or deformed round rods. If bars of equivalent sizes 
are compared instead of bars of equal diameters, the tests on the bars 
made of intermediate grade steel show that the Isteg bars are superior 
to the equivalent plain round bars of the same material by approxi- 
mately 54 per cent in yield strength and 10 per cent in ultimate 
strength (in p.s.i.). Since yield strength is the significant tensile property 
of reinforcing steel, the foregoing comparison showed the Isteg rein- 
forcement made of intermediate grade steel approximately 54 per 
cent more efficient than the plain round bars made of intermediate 
grade steel. 

8. CONCRETE DESIGN STRESS 


The concrete beam tests showed that the beams reinforced with 
Isteg steel, designed with a 50 per cent increase in steel stress, n = 
7.5, and an increase of 30 per cent or more in concrete stress were 
safer than beams reinforced with plain or deformed bars designed for 
n = 10 and the steel and concrete stresses normally specified. Under 
these conditions, the rectangular beam tests showed a permissible 
increase of 30 to 45 per cent in concrete design stress when Isteg 
reinforcement was used, and the T-beam tests showed a corresponding 
permissible increase of 33 per cent in concrete design stress. 


Calculations based on the test results show that, if the design value 
of n is not reduced for the beams with Isteg reinforcement, the con- 
crete design stress may be increased 17 per cent and the steel stress 
50 per cent to obtain beams of equal or greater strength than beams 


194 JOURNAL OF THE AMERICAN ConcrETE INSTITUTE—Proceedings 


reinforced with plain or deformed bars designed with the steel and 
concrete stresses normally specified. 

Similar results and conclusions of tests made in other countries 
have been the basis of governmental decrees approving an increase of 
15 per cent in concrete design stress together with an increase of 50 
per cent in steel design stress when Isteg reinforcement is used. 

CONCLUSIONS 

1. Isteg bars made from the usual structural grade billet steel 
concrete reinforcement rods are 60 to 63 per cent higher in yield 
strength. 

2. Isteg bars give no difficulty in cold bending. 

3. Isteg steel as beam reinforcement is 73 per cent more efficient 
than plain bars and 61 per cent more efficient than deformed bars. 

4. Beams reinforced with Isteg bars possess an extra reserve of 
resistance and capacity at ultimate loads. 

5. Beams designed with Isteg steel at 27,000 p.s.i. and with a 15 per 
cent increase in concrete stress (without reducing the assumed value of 
n) will have a higher factor of safety than beams designed with plain 
or deformed bars at 18,000 p.s.i. and with the usually specified concrete 
stresses. 

6. Isteg bars have a bond resistance 71 to 137 per cent higher than 
plain and deformed bars and, after reducing the Isteg bars by 33 
per cent in section for the recommended higher unit stress, the net 
superiority in bond resistance is still 23 to 70 percent. 

7. Isteg bars can also advantageously be made from intermediate 
grade steel, yielding a 54 per cent increase in efficiency over plain 
bars of that material. 

The foregoing conclusions from the tests made at Columbia Uni- 
versity are confirmed by authoritative tests made at government, 
university, and private testing laboratories in European countries, 
including England, France, Germany, Austria, and Switzerland. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June 1936. Discussion should 
reach the Secretary by April 1, 19386. 


Loap PERFORMANCE Trsts or Precast Joist-PRECAST 


SLAB FLOOR CoNSTRUCTION* 


BY R. E. COPELAND{ 


INTRODUCTION 


Tue TESTS reported herein were conducted on a type of light weight 
concrete floor constructed of precast reinforced concrete slab sections 
laid on and united to precast reinforced concrete joists. Figure 1 
shows one of several construction methods. 


The precast joist-precast slab floor has been used in a number of 
structures including a considerable group of houses recently erected 
for the Tennessee Valley Authority. It represents an alternate applica- 
tion of the precast concrete floor joist which also is used in conjunction 
with the cast-in-place slab. The structural performance of the latter 
combination has been previously reported in the JouRNAL.'! 

GENERAL DESIGN CONSIDERATIONS 

The design of an economical precast floor system imposes a number 
of considerations for study. While no definite design load limit was 
set, it was assumed that such floors are better adapted to use in resi- 
dences, apartments and other light load structures than to large 
structures or heavy loadings. The primary objective then is to produce 
for this class of buildings a fire resistant and structurally adequate 
floor construction with the least volume, weight and cost of material. 
It also is essential that the precast members be adaptable to efficient 
methods of manufacture and erection. 

Experience and study indicated interesting possibilities of meeting 
these basic requirements with the combination of precast joists and 
precast slabs. It was further indicated that with proper bonding de- 
tails, the slab and joist would act integrally or in the manner of a 
T-section. This was considered a desirable feature because it effects 
a more efficient design and saves in the cost and weight of materials. 
It appeared that T-beam action was largely a matter of building a 


*Received by the Institute Secretary, June 10, 1935. . . 

+Development Department, Portland Cement Association, Chicago. sb es 

1“Some Tests of Load Capacity of Floors Made with Precast Concrete Joists,’’ by R. E. Copeland 
and P. M. Woodworth, Journat Amer. Concrete Inst., March-April 1934, Proceedings, Vol. 30, p. 311. 
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Fic. 1—PRINCIPAL CONSTRUCTION DETAILS OF PRECAST 
JOIST—PRECAST SLAB-FLOOR 


strong and rigid joint between the slab and joist sections and also of 
producing a continuous slab by thoroughly grouting the joints be- 
tween slab units. 


The bond joint between slab and joists is stressed principally by 
shear which will vary in unit intensity from about 30 to 100 p.s.i. for 
the usual design loads and spans in light occupancy structures. Oc- 
casionally this range will be exceeded. Obviously, the ultimate shear 
resistance of the bond joint should provide an adequate safety factor 
and should be capable of developing the yield point strength of the 
joist reinforcement. 


The problem, therefore, seemed to be primarily one of bond joint 


design and several different types were selected for study in this test 
program. 


OUTLINE OF TESTS 


Information regarding the scope and general details of the test 
program is given in Table 1. Seventeen large panels were tested. The 
variables included type of aggregate, composition and strength of the 
bond mortar, bond joint design, texture of the mortar contact surfaces 
at the bond joint, span of panel and type of loading. Haydite and 
sand and gravel were selected as being representative of the light 
weight and standard weight aggregates. The two types of mortars 
used for the bond joints are commonly referred to as cement mortar 
and cement-lime mortar. The bond joint designs included those de- 
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All panels were 4 ft. wide by 14 ft. clear span except No. 16 which was of 20 ft. clear span. 
8-in. joists spaced 24 in. o. c. used for all panels except No. 16, for which 10-in. joists were used. 
Cement mortar consisted of 1 vol. portland cement, 0.10 vol. hydrated lime, 3 vol. sand. Cement- 


lime mortar consisted of 1 vol. portland cement, 1 vol. hydrated lime, 6 vol. sand. 


All panels tested with uniformly distributed loading excepting No. 17 where load was applied at 
middle and quarter points of span. 


Type of Texture of Mortar Contact Surfaces 
Panel Type of Aggregate Bond Type of Mortar = 
No. Joint Joist Slab 
1 Haydite i Cement Rough Smooth 
2 Sand and Gravel 1 Cement Rough Smooth 
3 Sand and Gravel i Cement-lime Rough Smooth 
4 Sand and Gravel 1 Cement Rough Rough 
5 Haydite 1 Cement Rough Rough 
6 Sand and Gravel 1 Cement-lime Rough Rough 
7 Haydite 2 Cement Smooth Smooth 
8 Sand and Gravel 2 Cement Smooth Smooth 
9 Sand and Gravel 2 Cement-lime Smooth Smooth 
10 Haydite 3 Cement Smooth Smooth 
11 Sand and Gravel 4 Cement Smooth Smooth 
12 Sand and Gravel 5 Cement Smooth Smooth 
13 Sand and Gravel 5 Cement-lime Smooth Smooth 
14 Sand and Gravel 6 Cement Rough Smooth 
15 Sand and Gravel 6 Cement-lime Rough Smooth 
16 Sand and Gravel 2 Cement Smooth Smooth 
lye Sand and Gravel 5 Cement Smooth Smooth 


TABLE 2—DETAILS OF CONCRETE MIXTURES AND COMFRESSIVE STRENGTHS 


Compressive tests on 3 x 6-in. cylinders in air dry condition at time of test of specimens. Cylinders 
cured in same manner as specimens; 7 days damp, remainder in air. 


Quantities by Dry Rodded 
Volume, Cu. Ft. Per Sack of 
Cement Unit Wt. 
Type of Combined | Fineness Average 
Agegre- Separated Aggregate Aggregate | Modulus Comp. Used For 
gate |Combined | Lb. Per | Combined | Strength 
Sand | Fine | Coarse | Aggregate | Cu. Ft. | Aggregate p.s.l. 
0-4 0-4 4-3% 
Haydite .33 | 2.03 ott 2.9 63 4.05 5050 Joists and slabs 
of panels 1, 5, 
nd and | 2. 1.00 2.6 124 3,73 6130 Joists of panels 2, 
one ia 3, 4, 6, 8, 9, 11, 
12, 13) 14; 5: 
ING) 1 
‘ 1.80 229 125 4.38 6660 Slabs of panels 2, 
Serene IN ae 3, 4, 6, 8, 9, 11, 
pp alsis vhs als. 
16, 17 


pending on cement bond alone and types providing mechanical bond 
in addition to cement bond. The mortar contact surfaces were made 
rough for some panels and smooth for others. All panels were of 14 
ft. clear span except one of 20 ft. span. All panels were tested with 
uniformly distributed load except one panel where the load was 
applied at the mid-span and quarter points. 
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DESCRIPTION OF TEST PANELS 


Concrete Mixtures—The details of the concrete mixtures and com- 
pressive strengths of the control cylinders are given in Table 2. Higher 
strengths were obtained than in the series of precast joist tests prev- 
iously reported which is somewhat inadequately ascribed to slight 
changes in the mix proportions, particularly the use of a lower water- 
cement ratio together with a more adequate damp curing period. The 
cement was a mixture of equal parts of four brands of standard port- 
land cement purchased from local dealers. Conerete was hand-spaded 
and compacted into the molds. 

Mortar Mixtures—The mortar materials were proportioned by loose 
volume. The cement mortar consisted of one volume cement, 0.10 
volume hydrated lime and 3 volumes sand, and had a compressive 
strength of 2800 p.s.i. The cement-lime mortar consisted of one 
volume cement, one volume hydrated lime and 6 volumes sand, and 
had a compressive strength of 1340 p.s.i. For all panels excepting No. 
14 and No. 15, the mortar used in the joints between slabs consisted 
of a 1:1 mixture of cement and sand. This mortar had a compressive 
strength of 4230 p.s.i. Slab joints in panels 14 and 15 were made of 
the same mortar as used for bond joints in these panels. 

The mortar strengths are based on tests of air dry 3 x 6-in. cylinders 
at the time of the respective panel test. 

Design and Construction of Panels—Typical details of the test panels 
are shown in Fig. 2. Details of the joist reinforcement are shown in 
Fig. 3, and the different types of slab sections and bond joints are 
shown in Fig. 4 and 5. 

Joist reinforcement design was based on the usual flexural formulas 
and the following working stresses: f, = 20,000 p.s.i.; f, = 16,000 
p.s.i.; % = 60 p.s.i.; f. = 1,200 p.s.i. 

Live load of 40 lb. per sq. ft. and dead load of 47 lb. per sq. ft. were 
assumed. The latter includes an allowance for floor finish, ceiling 
plaster and partitions. 

Stresses due to the dead weight of the joists and slabs were based on 
the independent joist section. Stresses due to live load and the 
allowed extra dead load were based on the T-section. The computed 
required area of tensile reinforcement is 0.37 sq. in. for the 14 ft. 
panels and 0.61 sq. in. for the 20 ft. panel. The used areas were re- 
spectively 0.44 sq. in. and 0.60 sq. in. 

The slab sections were of two sizes. All panels except No. 14 and 
No. 15 were built of slabs 12 in. wide, 48 in. long and 2 in. thick, re- 
inforced by two 14 in. bars placed about 14 in. from the bottom face. 
This “‘plank” type slab may be made in different widths and lengths. 
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Fic. 4—DETAILS OF BOND JOINTS USED WITH 4 FT. BY | FT. BY 2 IN. 
PRECAST FLOOR SLABS 


They do not require an exact or definite joist spacing. The tongue 
and groove joint was designed to increase the continuity and stability 
of the slab system during erection and until the joint mortar has 
hardened. 


The slabs used for panels 14 and 15 were 2314 in. wide, 28 in. long 
and 2 in. thick reinforced by 14 in. bottom bars spaced about 6 in. 
apart. The cantilevered portions were built of half size slabs rein- 
forced by one 4-in. bar extending parallel to the joists. The -in. 
bars placed in the transverse joints were merely for the purpose of 
supporting the cantilevered portions during the test and ordinarily 
14-in. bars would be used in field practice. It should be noted that in 
these panels the longitudinal joint between the slab sections comes 
over the joist and that the joist stirrups project into the joint mortar. 
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Fic. 5—DETAILS OF BOND JOINT NO. 6 USED WITH 23)4 IN. 
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Fic. 6—SUGGESTED SLAB DETAIL FOR KEYING SLABS TOGETHER 
DURING ERECTION 
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The panels were erected when the precast members were 14 days old. 
The workmen were instructed to seat the slabs firmly in the mortar 
and thoroughly fill all joints. The mortar contact surfaces were not 
dampened prior to bedding. The bond joint mortar was generously 
spread on top of the joists as each slab was laid. The pressure exerted 
by the weight of the slabs facilitated the flow of the mortar to fill 
effectively the irregular joint spaces. The bond joints were roughly 
pointed with a trowel using mortar which had been squeezed from the 
joints. In laying the 4-ft. slabs, the transverse joints were made by 
first filling the grooved edge with the 1:1 mixture and then setting the 
slab so that the grooved edge was forced against the tongued edge of 
the contiguous slab previously laid. This procedure produced an ex- 
cellent joint but in field operations would be considered too slow. 
Fig. 6 shows a type of slab joint which should provide equally good 
stability and facilitate erection. The joint would be filled with grout 
after the slabs are in place. 


Texture of Mortar Contact Surfaces—The texture of the top surface 
of the joists and bottom surface of the slabs was smooth or rough de- 
pending on their position in the molds during casting. When the slab 
or joist was cast with the mortar contact surface downward or against 
the bottom form, the resulting surface was smooth and slightly con- 
taminated with form oil. When cast in the top side or upward position, 
it was finished fairly rough and free from form oil. 


Table 1 includes information regarding the bond surfaces of the 
individual test panels. Rough or smooth surfaces are optional with 
bond joint Type 1, depending on the position in casting, whereas 
smooth surfaces are almost compulsory with the irregular bond joints. 
In manufacturing practice, the surfaces should be treated to remove 
the form oil but this was not done in these tests. 


Test Procedure—The panels were tested from 21 to 25 days after 
erection. Initial deflection and strain gauge readings were made and 
the loading of the panel with concrete block started. The block were 
arranged in separated tiers to prevent arching and were uniformly 
distributed for all panels except No. 17 where half the total load 
was applied at the mid-point and one-quarter the total load at each 
of the quarter points of the span. Subsequent sets of readings 
were made on all panels at load increments of 20 or 40 lb. per sq. 
ft. The primary purpose of the test was to evaluate the strength 
of the bond joint and loading usually was stopped when the bond 
joint failed. When the bond joint did ‘not fail, loading was con- 
tinued until the yield point of the steel was reached. This load was 
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Fic. 7—PANEL 10 wITH LOAD OF 280 LB. PER SQ. FT. 


Fic. 8—IN DISMANTLING THE PANELS THERE WAS FURTHER EVIDENCE 
OF THE BOND JOINT STRENGTH. THIS TYPE OFFERED CONSIDERABLE 
RESISTANCE 


considered to mark the ultimate capacity of the panel. However, to 
get information regarding carrying capacity beyond this point, panels 
4, 7, 8, 16 and 17 were loaded to complete failure. A panel under load 
is shown in Fig. 7. 


OBSERVATIONS OF PERFORMANCE OF PANELS DURING TESTING 


The test panels may be divided into two performance groups. The 
weaker group included panels 1 to 6 inclusive, which developed bond 
joint failures at comparatively low loads. The stronger group in- 
cluded panels 7 to 17, which, with the exception of panels 11 and 13, 
failed in tension and not at the bond joint. 
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As was expected, all panels performed similarly at loads up to 
fracture of the bond joint. When such failure occurred, the T-beam 
action was destroyed. The joists then performed as independent 
members and there was a sharp increase in the rate of deflection and 
strain with any further increase in load. The bond joint failures which 
occurred at loads of 100 lb. per sq. ft. or more were attended by an 
audible cracking sound and generally caused the joists to deflect 
suddenly about 14 in. or more to bear on the emergency blocking. 
When the bond joint failed at lower loads as in panels 1, 2, 3 and 4, it 
produced a more gradual separation of slab from joist and the im- 
mediate effect was less. 

Fig. 8 gives a rough idea of the strength of the irregular types of 
bond joints remaining after the panel test. 

In panels 1 to 6 inclusive, the bond joints fractured cleanly along 
the contact plane between the slab sections and the mortar and as unit 
shear would be about equal at both top and bottom of the joint, it was 
indicated that the unit bond was stronger to the joist than to the slab. 
Panels 11 and 13 were built with irregular type bond joints and in their 
case joint failure sheared through the mortar keys which extended into 
the serrated bottom surface of the slab. 

There was little difference between the various panels of each afore- 
mentioned performance group in regard to the development and extent 
of cracking. Fine tension cracks in the bottom flanges of the joists 
were first noted at loads of 40 to 60 lb. per sq. ft. Diagonal web cracks 
first started to develop at loads of 120 to 200 lb. per sq. ft. These 
cracks increased in extent and number as additional load was placed 
on the panel but up to the yield point of the steel, they remained fine 
and did not give evidence of affecting appreciably the load performance 
of the panel. 

Test of Panel 17—The principal purpose of this test was to determine 
if there was an appreciable tendency of slab uplift resulting from the 
effect of horizontal shear in conjunction with an irregular type bond 
joint. 

Load was applied through 2 x 4-in. loading plates at the middle and 
quarter points of the span in such a manner that the load did not ex- 
ternally restrain the majority of the individual slab units as was the 
case with uniform loading. In panel 17 the resistance to uplift de- 
pended mainly on the tensile strength of the joint supplemented by 
the weight of the slabs and the beam strength of the slab portions be- 
tween the 2 x 4-in. loading plates. 

In the tests of panels 1 to 16 inclusive, the only observed evidence 
of slab uplift at loads within the yield point stress of the steel had been 
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confined to panel 12 where two or three diagonal web cracks extended 
into the bond joint, causing a slight localized lifting of the slab 
from the mortar. This panel, however, sustained a load of 285 lb. 
per sq. ft. without structural failure of the bond joint. 


Panel 17 was loaded in two stages. A total load of 7680 lb. (equiv- 
alent uniform load of 205 lb. per sq. ft.) was applied and maintained 
continuously for eight weeks. Following this period, the load was in- 
creased to 14,050 lb. (equivalent uniform load of 375 lb. per sq. ft.) 
which caused complete failure in tension. The yield point of the 
tension steel was reached with a load of about 11,000 lb. 

The bond joint was carefully examined at intervals up to completion 
of the test and no fracturing, separation, slab uplift or other signs of 
distress in the joint were observed. 

Breaking Loads of Panels—Breaking loads in the case of floor con- 
struction must be considered with a number of reservations which 
will be briefly mentioned later. However, the question of excess load 
capacity beyond the yield point of the steel sometimes arises and 
necessitates a test to complete failure. Consequently, it was decided 
to make breaking load tests on a few panels, namely, 4, 7, 8, 16 and 17. 


The test of panel 17 has already been described. The four other 
panels had been previously loaded to the bond joint or yield point 
limit and the reloading to the breaking point was done some time 
later. The only measurement taken was the deflection with the final 
load. 


Panel 4 had previously failed at the bond joint and in the breaking 
load test the joists may be considered as functioning as independent 
members. The total load sustained was 305 lb. per sq. ft. and the 
maximum deflection was about 6 in. Failure occurred by crushing of 
the concrete in the top flange of the joists and buckling of the 3¢-in. 
compression bar in each Joist. 

Panels 7 and 8 sustained 385 and 445 lb. per sq. ft. respectively. 
Maximum deflection was about 7 in. The bond joints remained intact 
except where the wider web cracks extended to the top of the joist and 
followed the joint a few inches. Both panels exhibited considerable 
interaction between the slab and joist up to the breaking load. When 
panel 7 failed, a large section of one end of a joist completely sheared 
from the reinforcement. 

Panel 16, which was of 20 ft. span, sustained a load of 315 lb. per 
sq. ft. The maximum deflection was about 18 in. The bond joint 
functioned satisfactorily and except for short, localized fractures 
caused by the extended web cracks from the joist, was in good condi- 


206 JOURNAL OF THE AMERICAN ConcreTE InstrTUTE—Proceedings 


tion at the end of the test. The joists of this panel were bridged only 
at the supports in the same manner used for the 14 ft. spans. No 
lateral instability or tendency of the joists to buckle was observed. 


In each of these panels some of the tension and diagonal web cracks 
opened to a maximum width of 1% in. to 4 in. Failure of panels 7, 8 
and 16 was ascribed to tension and panel 4 to compression. 

There was some arching of the test loads at near the breaking point 
caused by the large deflections and insufficient separation between the 
tiers of concrete block. Arching was especially serious in the case of 
panel 16. For this panel a load, which had been successfully carried, 
promptly caused final failure after it had been rearranged to eliminate 
arching. 

It should be noted that had the test panels been*constructed on story 
high supporting walls as in building practice, the large deflections would 
have seriously endangered the stability of the walls and perhaps caused 
failure due to thrust or bending. It is further evident that excessive 
deflection of the floor system generally will produce a highly eccentric 
wall loading. It thus appears that the ultimate load capacity of a floor 
construction is not synonymous with breaking load and should be 
based on the structural behavior of the floor in relation to the other 
affected structural members. 

The most significant results of these tests are considered to be in 
regard to the satisfactory functioning of the irregular types of bond 
joint under conditions of excess load and deflection and the fact that 
the joists, acting as independent members, sustained a load several 
times the allowable design load based on a T-section. 


DISCUSSION OF RESULTS 


The principal results of the tests are given in Table 3. There is in- 
dicated the loads which produced bond joint failure and yield point 
stress in the tension reinforcement. Also included is information re- 
garding deflections and measured stresses. 

The loads placed on the panels ranged from 40 lb. per sq. ft. for the 
panels having the weakest bond joints to 445 lb. per sq. ft., the breaking 
load for panel 8. Yield point stress in the tension steel was produced 
by a load of 200 lb. per sq. ft. in the case of panel 1 with joists function- 
ing as independent members; by loads of 275 to 288 lb. per sq. ft. in 
the case of 14-ft. span panels functioning as a T-section. 

Comparison of the design loads with the loads placed on panels 7 to 
17 shows that these panels developed a satisfactory safety factor. 

The deflections due to the weight of the slabs averaged about 0.12 
in. for the 14-ft. panels and 0.20 in. for the 20-ft. panel. The deflections 
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TABLE 38—RESULTS OF TESTS 


All panels were tested with uniformly distributed load except No. 17 where the total load was con- 
centrated, one-half at mid-span and one-fourth at each quarter point of the span. 


Loading was with concrete block arranged in separated tiers to prevent arching. 
Load values refer to superimposed load; Ib. per sq. ft., 

Weight of floor per sq. ft.; Panels 1, 5, 7 and 10, 25 lb.; 

Panel 16, 35 lb.; ali others, 32 Ib. 


Values of Es and E- assumed as follows, lb. per sq. in.; Zs = 30,000,000, He (Haydite C t 
= 2,500,000; BE. (sand and gravel concrete) = 4,500,000. : Bs 


Maximum load placed on panel is the highest load indicated excepting for panels 4, 7, 8, 16 and 17 
which were reloaded to complete failure. 


Loads at the Follow- Mid-span Deflections at 
ing Conditions; Following Loads, Measured Stresses 
Panel Bs is cate SA fs; lb. per sq. in. fc ‘Vb. per sq. in. 
No. | Yield Pt. Bond ' - - 
of Tension | Joint 80 lb. 160 lb. 80 lb. | 160 lb. 
Steel Failure | 40 80 160 | 240 Load Load Load | Load 
1 200 40 0.18 | 0.43 | 0.98 19,000 39,000 445 740 
2 40 0.17 
3 40 0.16 | 0.43 18,900 315 
4 40 | 0.13 
5 132 0.05 | 0.12 10,150 375 
6 160 0.02 | 0.05 7,950 184 
if 278 (1) 0.04 | 0.14 | 0.38 | 0.63 | 10,950 25,300 290 710 
8 275 (1) 0.05 | 0.13 | 0.30 | 0.49 | 10,700 23,450 417 800 
9 288 (1) 0.06 | 0.14 | 0.34 | 0.51 | 10,975 23,650 282 852 
10 280 (1) 0.06 | 0.16 | 0.40 | 0.65 | 9,100 24,100 521 1,010 
11 244 220 (2) | 0.04 | 0.10 | 0.25 | 0.50 | 8,900 22,400 324 437 
244 (3) 
12 285 (1) 0.05 | 0.13 | 0.33 | 0.53 | 10,000 23,100 654 1,170 
13 218 218 0.04 | 0.11 | 0.31 9,970 23,000 380 775 
14 280 (1) 0.07 | 0.18 | 0.41 | 0.62 | 12,400 27,100 550 1,110 
e 278 (1) 0.05 | 0.15 | 0.38 | 0.59 | 11,200 26,700 750 1,350 
16 215 (1) 0.15 | 0.35 | 0.76 16,650 33,850 625 1,330 
17 | 11,000 (4) (1) 0.03 | 0.07 | 0.20 7,400 (5) | 16,700 (5) 


(1) No failure of bond joint. ; : 

(2) and (3) South and North Joists respectively. 

(4) Total load. Equivalent uniform load is 290 lb. sq. ft. 
(5) Values are interpolated from load-stress curve. 


due to superimposed load may be studied from the table and Fig. 9, 
which shows load-deflection curves for the different panels. Consider- 
ing all the 14-ft. span panels, the deflections ranged as follows: 40 lb. 
load, 0.02 to 0.18 in.; 80 Ib. load, 0.05 to 0.43 in. ; 160 Ib. load, 0.20 to 
0.98 in. ; 240 Ib. load, 0.49 to 0.65 in. It should be noted that the group 
of 14-ft. panels built with the stronger types of bond joints, which in- 
cluded panels 7 to 15 and panel 17 showed much less variation in 


deflections. 
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The stiffest panel up to the point of bond joint failure was panel 6 
for which there seems to be no adequate explanation in view that 
several other panels had stronger bond joints. The deflection per- 
formance of panel 1 may be considered as typical where the joists act 
independently of the slab. This panel deflected 0.98 in. with a load of 
160 lb. per sq. ft. as compared with deflections of 0.25 to 0.41 in. for 
the panels functioning as T-sections. In general, the panels having 
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strong bond joints displayed satisfactory rigidity up to the yield point 
of the tension steel. 

Referring to Fig. 9, it is interesting to note that with the stronger 
14-ft. panels, a load of 180 lb. per sq. ft. or more is required for a de- 


flection ae x span, which is sometimes specified as a maximum 


value. 


Panel 16, of 20 ft. span, had a lower ratio, L4/I* than for the 14-ft. 
panels and, therefore, deflected more with the same unit load. For 


this panel a load of 142 lb. per sq. ft. caused a deflection of — span. 


The measured tension stresses are in fair agreement with the com- 
puted stresses. Considering panels 7 to 13 inclusive, the measured f, 
at the 160 lb. load averaged 23,570 p.s.i. as compared with the com- 
puted stress, based on the T-section, of 24,000 p.s.i. For panels 14 
and 15 the average measured and computed values are respectively, 
26,900 p.s.i. and 26,200 p.s.i., and for panel 16 the values are 33,850 
p.s.i. and 31,400 p.s.i. These computed values are based on the T- 
section. 

In panel 1 the joists and slab separated at a low load and it is of 
interest to note that the measured f, of 39,000 p.s.i. at the 160 lb. load 
agrees fairly well with the computed value of 37,300 p.s.i., based on 
the independent joist section. 

The measured concrete strains were erratic and, while undoubtedly 
partly due to personal and instrumental errors, the main cause is 
ascribed to the fact that the gauge lines crossed a slab joint, thus in- 
troducing the effect of any difference between individual joints. The 
measured stresses are included, however, as of possible interest for 
comparison with the computed values at the 160 lb. load which are as 
follows: panels 7 to 13 inclusive, 650 p.s.i.; panels 14 and 15, 688 p.s.i.; 
panel 16, 862 p.s.i. In general, the measured values exceed the com- 
puted values which seems to support, rather than weaken, the other 
evidences of T-beam action. 

Effect of Bond Joint Design — The plain bond joint, type 1, whose 
shear resistance depends wholly on the adhesion of the mortar to the 
precast members gave the poorest results. This type joint with smooth 
textured mortar contact surfaces, used for panels 1, 2 and 3, failed with 
panel loads of 40 lb. per sq. ft.; with rough textured mortar contact 
surfaces, used for panels 4, 5 and 6, failure occurred with panel loads 
of 40 to 160 lb. per sq. ft. 


*I, = span, I = moment of inertia. 
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Joint types 2 and 3 used with panels 7, 8, 9, 10 and 16 provide for a 
mechanical bond by interlocking the slab units with the joist. These 
joints performed very satisfactorily and were relatively stronger in 
panel load capacity than the tension reinforcement. 

Joint types 4 and 5 differed from types 2 and 3 in that the slabs were 
not actually interlocked with or morticed into the joists. Mechanical 
bond was obtained by means of the irregular or serrated mortar contact 
surfaces forming a series of small mortar keys. Joint type 4 used with 
panel 11 fractured at a load of 220 lb. per sq. ft. Joint type 5 was 
relatively stronger than the tension reinforcement in panels 12 and 17 
but failed at a load of 218 Ib. per sq. ft. in the test of panel 13. 

Joint type 6 used in panels 14 and 15 performed satisfactorily show- 
ing no signs of weakening at the maximum loads of 280 and 278 lb. per 
sq. ft. respectively placed on these panels. . 


Effect of Type of Mortar—The cement-lime mortar group include 
panels 3, 6, 9, 13 and 15. Comparison panels of the cement mortar 
eroup are, respectively, 2, 4, 8, 12 and 14. There was little difference 
in behavior between panels 2 and 3, 8 and 9, and 14 and 15. Consider- 
ing panels 4 and 6, the cement-lime mortar performed better whereas 
in panels 12 and 13, the cement mortar gave the higher result. It 
should be noted that in the case of panels 4 and 6 the contact surfaces 
of panel 6 used with the cement-lime mortar were considerably rougher 
textured than the slabs of panel 4. Panels 12 and 13 were made as 
nearly identical as was possible except as to the mortar. 


Effect of Type of Aggregate—Comparison of the Haydite concrete 
group consisting of panels 1, 5 and 7 with the similarly built panels 2, 
4 and 8 of sand and gravel concrete reveals no consistent or appreciable 
difference in performance either as to deflection or load capacity. 
Haydite concrete panel 10 had no comparative sand and gravel con- 
crete panel. It performed, however, in the same manner as panel 7. 


Effect of Length of Span—Panel 16, constructed of 10-in. precast 
joists on a 20 ft. span, developed the yield point stress of the tension 
steel with no visible indications of distress in the bond joint. The 
tension stresses and ratio of deflection to span were somewhat greater 
than for the 14-ft. panels of similar construction. These differences 
are partially explained by the fact that in panel 16 the used steel area 
was 0.01 sq. in. less than the computed area, whereas in the 14-ft. 
panels the used area was 0.07 sq. in. larger than the computed area. 

Effect of Type of Loading— Panel 17, with 3-point loading, per- 
formed equally as well as the similarly built panel 12 with uniform 
loading. Considering these tests, the effect of the 3-point loading was 
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no different than would be expected with an equivalent uniform load. 
There was no evidence of slab uplift or joint separation. 


CONCLUSIONS 


1. The performance of panels 7 to 17 inclusive indicates that it is 
possible and practicable to construct precast joist-precast slab floors 
in such a manner that the joist and slab function together as a T- 
section. i 

2. Considering panels 7 to 17, the minimum load causing bond 
joint failure was 218 lb. per sq. ft. or more than 5 times the design live 
load of 40 Ib. per sq. ft. In 9 of the 11 panels in this group the bond 
joints remained effective and panel failure was due to tension. 

3. Type of bond joint between the slab and joist was an important 
factor of panel strength and performance. The irregular type joints 
which provide a mechanical bond were much superior to the plain 
joint, type 1. 

4. The shear resistance of joint type 1 was appreciably increased 
by using rough textured mortar contact surfaces. In general, however, 
the plain joint did not exhibit either satisfactory strength or depend- 
ability. 

5. Bond joints 2 to 6 inclusive gave uniformly satisfactory results. 
Types 5 and 6 proved somewhat more practicable as to ease of manu- 
facture and erection. 

6. Considering the range of mortar strengths studied, strength of 
mortar was not an important factor. It does not follow, however, 
that a weak mortar would be satisfactory. It is believed that the 
mortar should be at least as strong as the 1:1:6 cement-lime mortar 
used. 

7. Panels constructed of Haydite concrete performed similarly to 
comparison panels made of sand and gravel concrete. 

8. Within the range of conditions studied, variations of span length 
and type of loading produced no appreciable effect on load perform- 
ance. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June 1936. Discussion should 
reach the Secretary by April 1, 1936. 


Errect or CuriInG TEMPERATURE ON THE COMPRESSIVE 


STRENGTH OF CONCRETE AT Harty AGES* 


BY J. C. SPRAGUET 
MEMBER AMERICAN CONCRETE INSTITUTE 


LN RAO DOC WORN 


By ruts investigation Maj. John F. Conklin, District Engineer, 
Corps of Engineers, U. S. Army, sought definite knowledge of the 
effect. of curing temperature on the compressive strength of concrete 
during the curing period stipulated in current specifications. The 
tests were made in the District Testing Laboratory in connection 
with construction work in the district. 

That temperature exerts a marked effect on the hardening of port- 
land cement concrete is well known but much remains to be learned 
before definite utilization can be made of the knowledge in concrete 
specifications. Since economy demands that the curing periods be re- 
duced to a minimum and that forms be “‘stripped”’ as soon as possible, 
we need definite data so that full advantage may be taken of favorable 
conditions. 

The most extensive data covering the effect of curing temperature 
on the strength of concrete are those reported in Bull. 81 of the Eng. 
Exp. Sta., Univ. of Ill., 1915. Since then several papers have been 
published on the subject of curing, among them those indicated by 
appended references 1 to 12. 

It is not to be construed from this investigation that 1500 p.s.i. 
was in any way considered the optimum strength at which forms 
should be stripped, or curing discontinued. This value was chosen 
arbitrarily for comparison only. Further, it should be kept in mind 
that the investigation indicates only what happens to concrete near 
the surface of the mass and not to the mass itself. William J. Krefeld, 
in his paper ‘Incomplete Curing Weakens Concrete Surfaces,” Civil 
Engineering, A. 8S. C. E., Vol. 3, No. 12, December, 1933, has presented 
an interesting and instructive picture of the effect of curing on concrete 


*Received by the Institute Secretary, June 7, 1935. 
+Assistant Engineer, Concrete Technician, U. S. Engineer Office, Huntington, West Va. 
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at different distances from the surface of the structure. His results 
indicate that beyond the first few inches from the surface the concrete 
is affected very little by external curing conditions. 


DESCRIPTION AND SCOPE OF TESTS 


In making these tests the aim was to expose the test specimens to 
exactly the same curing condition as that given the concrete in the 
field, and to compare these results with those obtained from companion 
specimens cured in the laboratory at 70° F. and 100 per cent relative 
humidity. Incidentally, the cylinders cured in the field received the 
same amount of moisture as those cured in the laboratory as the 
concrete was kept continuously wet. The following procedure was 
followed in making and storing the test cylinders: 

Each day concrete was taken as placed in different parts of the form 
and combined in a large sample from which ten 6 x 12-in. cylinders 
were made. Six or eight of these cylinders were placed in the worst 
location on top of the wall after the pour had been completed, or 
were placed in special recesses in the sides of the walls and immediately 
boarded up. Before the recesses were covered, however, saturated 
burlap sacks were placed with the cylinders so that the surrounding 
medium could draw moisture from the burlap rather than from the 
specimens themselves. At the completion of a pour the top of the 
wall was covered with tarpaulins and steam turned on. The remain- 
ing cylinders were cured in the laboratory until time to be tested. 

The cement used in these tests was somewhat coarser ground than 
present day normal cements, the amount retained on the No. 200 sieve 
being about 17 per cent; 414 sacks per yard of concrete were used. 
Sand and gravel from the Ohio River was used as fine and coarse 
aggregate, the latter graded in two sizes: No. 4 to 1-in. and 1-in. to 
2-in. These sizes were combined to give as constant a grading as 
possible. The proportions of the aggregates in combination, by 
absolute volume, were 30 per cent sand, 25 per cent large gravel and 
45 per cent small gravel. 

During the period that these tests were being made the mix remained 
the same. If for some reason it was necessary to change temporarily 
the mix no specimens were made until the “standard” mix had been 
resumed. The mix, by weight, was 1:2.54:5.85. The slump varied 
from 0 to 1-in. and the water-cement ratio varied according to require- 
ments of the work. 

In compliance with the specifications for winter curing, the concrete 
was cured for 5 days during this period (Nov., 1934 to Jan., 1935) after 
which the forms were generally stripped. Therefore those specimens, 
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which were not tested at earlier ages, received the same total amount 
of warmth and moisture as the surface concrete of the walls for about 
5 days, and were then subjected to the same weathering for the 
remainder of the 7-day period which was the time limit of test on 
any one set. 

The field cured specimens were taken from their respective storage 
places and tested in sets of two at ages ranging from 40 hours to 7 
days. The laboratory cured cylinders, companions to those cured in 
the field, were tested at 7 days. 

Additional information obtained in connection with these tests 
includes initial temperature of the concrete, ambient temperature, 
slump and water-cement ratio. Curing temperature of the concrete 
in the vicinity of the specimens was obtained every four hours for the 
duration of the tests. 

This investigation covered six weeks during the middle of the 
winter and 180 test specimens were made. ‘The results were very 
concordant, and check closely those obtained on similar tests pre- 
viously made in this District. 


RESULTS 


The results obtained are shown in Fig. 1, 2 and 3. Fig. 3 shows the 
loss in compressive strength of concrete exposed to temperatures 
below 70° F., the points for the curves on this chart being taken from 
Fig. 1 and 2. Some field cured concrete had as high, or higher tem- 
perature than that cured in the laboratory, with concordant strength 
results. Curves showing these results are not included in Fig. 3 since 
there was no loss in curing temperature or compressive strength. 

The main variable affecting the results was curing temperature, the 
mix, brand of cement and type of aggregate remaining the same 
throughout, and the average of the water-cement ratios of both 
methods of curing being the same. This, in effect, produces the same 
results as though all the water ratios were the same as far as the 
average is concerned, leaving the curing temperature as the only 
real variable (see “averages” tabulated on the charts). In this con- 
nection, it is interesting to note that there were large variations in the 
time required to attain 1500 p.s.i. in individual instances where the 
curing temperatures were the same. The significance of the effect 
of variations in water-cement ratio on the time required to attain a 
certain strength is here clearly demonstrated. 

Fig. 1 shows the length of time required for the concrete cured on 
top of the walls to attain a compressive strength of 1500 p.s.i. The 
averages of the two variables, water-cement ratio and curing tempera- 
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Fig. 3—Loss IN COMPRESSIVE STRENGTH DUE TO LOWERING OF CURING 
TEMPERATURE BELOW 70° F 


ture, are tabulated on the chart. It will be noted that, for an average 
water-cement ratio of 0.76 and a curing temperature of 56° F., it 
took the concrete 3.5 days to attain a compressive strength of 1500 
p.s.i. Fig. 2 shows the length of time required for the specimens cured 
in recesses in the walls to attain the same strength. In this case, the 
cylinders received constant warmth from the mass concrete in the 
wall, and were steam cured the same as the wall surfaces. With the 
same average water-cement ratio (0.76) and a curing temperature of 
70° F., the concrete attained a strength of 1500 p.s.i. in 2.4 days. 
In making this comparison it must be kept in mind that the average 
water content of the concrete, for both conditions of curing, was the 
same and that the only (average) variation was in curing temperatures. 
Thus it is evident that the differences of 14° F. in curing temperature 
delayed the gain in strength for the concrete on the top of the wall 1.1 
days, as compared with the concrete protected by forming. Stated 
in another way, the cylinders placed on top of the wall attained a 
compressive strength of less than 1200 p.s.i. in 2.4 days. The curves 
in Fig. 3 show the losses in compressive strength of that concrete 
subjected to a curing temperature below 70° F. during the period 
covered. By averaging the individual losses, it was found that the 
average loss was 310 p.s.i. for a lowering in temperature of 9.7° F., 
or about 32 p.s.i. per degree Fahrenheit. The per cent loss in compres- 
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sive strength was approximately 10, which means that, for the strength 
range obtained in these tests, the loss in strength for 7 day cylinders 
was approximately 1 per cent for each degree lowering of temperature; 
this percentage would, of course, vary with variations in compressive 
strength of concrete. 


As before stated the 1500 p.s.i. strength requirement was arbitrarily 
assumed for these tests, and should not be considered as a criterion. 
However, if some such strength were specified to control the length of 
curing period, the results herein presented will give some idea of the 
variations which could be expected. 


The data presented represent actual results from one series of tests 
indicating the effects of varying curing temperatures on the strength 
of concrete at ages up to 7-days. It is, of course, impossible in most 
instances to provide curing for more than a short period, but the decided 
increase in strength with increased temperature indicates the desira- 
bility of maintaining a curing temperature as high as possible, without 
endangering the concrete. The higher the strength obtained on the 
concrete surfaces the greater its resistance to wearing and weathering 
agencies. 


Most specifications call for a minimum curing period during which 
time the temperature may have a range as great as 50° F. In concrete 
as placed the water-cement ratio will vary over a limited range. It 
is likely that, under these conditions there is a wide variation in 
quality. The most significant fact brought out in the investigation 
is that curing of concrete should be subjected to the closest possible 
control. Since water-cement ratio has such a pronounced effect on 
compressive strength (and all the other qualities of concrete), curing 
period should be longer, or the temperature be higher as the water 
cement ratio is increased. 
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For such discussion of this paper as may develop readers are re- 
ferred to the Journnau for May-June 1936. Discussion should 
reach the Secretary by April 1, 1936. 


CONCRETE SLABS REINFORCED WITH WELDED 
Wrre Fasric* 


BY T. D. MYLREAT 


MEMBER AMERICAN CONCRETE INSTITUTE 


In THE discussions of the Building Code committee of the American 
Concrete Institute! several questions were raised as to the properties 
of cold drawn electrically welded wire fabric and its action when used 
as a reinforcing material in reinforced concrete slabs. It was decided 
to conduct a series of tests to shed light on these points. The specific 
questions to which attention was directed were as follows: 

First, What is the effect of the spot welding upon the strength of 
the wire strands? 

Second, Is it permissible to droop the material from the top of the 
slab in a region of negative moment to the bottom of the slab in a 
region of positive moment, instead of bending it sharply at the point 
of inflection or carrying a portion of the positive reinforcement straight 
through into the supports without bending? 

Third, What is the permissible unit tensile stress in cold drawn steel 
wire used as a reinforcing material? 

Fourth, Does the concrete encasement of the structural steel sup- 
porting members influence the effective length of the span? 

PRELIMINARY TESTS 


The effect of the welding process was first studied by making tension 
tests on a number of pieces of the wire it was proposed to use as a 
reinforcing material—i. e., wires of No. 3 and No. 9 W. and M. gauge. 
Fifty specimens of each gauge were so tested as to include one cross 
wire in the length under test, and for purposes of comparison, fifty 
more specimens of each gauge were tested between welds. 

In tables below it will be observed that the strength of the wire 
apparently was not affected by the cross welding and in no case did 
the wire break in the weld. Both sizes of wire complied fully with the 
A. 8. T. M. specifications, except that the strength of the No. 9 wire 
was slightly below the required 70,000 p.s.i. 


*Received by the Institute Secretary, May 22, 1935. 


+Head, Division of Civil Engineering, University of Deleware. 
1Committee 501, Standard Building Code. 
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NO. 9 WIRE 
Breaking Strength, p.s.i. Distance of Break from 
ee ae. Weld in Inches 
Between Welds Through Welds 
Highest... cae 71,100 71,400 5 
MOWGSticc een cattqi cers 65,200 64,400 yy 
Average of 50 Specimens 67,600 67,900 1% 
NO.-3 WIRE 
Breaking Strength, D.8.i- Distance of Break from 
Weld in Inches 
Between Welds Through Welds 
Highest 9: sss hen ane 83,000 91,000 Tt 
LOWeSt sd cake Seni seen ee 75,100 75,400 S ¥ 
Average of 50 Specimens 78,400 78,100 3% 
| 1 * i 
TEST SLABS 


The effectiveness of the wire fabric as a reinforcing material and 
the influence of its positioning upon the strength of the reinforced 
slabs was then investigated by studying the behavior of 14 test slabs. 
The slabs were cast, indoors, in three groups beginning Oct. 11, 1934, 
and the dates of casting were so spaced as to give all slabs approxi- 
mately equal time—28 days—for curing. Broken stone coarse aggre- 
gate of 34 in. size was used, and special care was taken to secure the 
same proportions in each casting. All slabs were covered with burlap 
which was kept moist for one week. Test cylinders showed that the 
strength of the concrete at 28 days was between 2100 and 2400 p.s.i. 

The wire fabric was furnished by the Wire Reinforcement Insti- 
tute, and was shipped in rolls. Its quality has already been men- 
tioned. When cut to length the sheets were straightened on the 
floor with wooden mallets, before being placed in the forms. 

The fabric with which these specimens were reinforced comes 
normally with ten longitudinal strands, which in these cases would 
have necessitated a slab 40 in. wide; but in order that the results might 
be more nearly comparable to those conducted at another institution 
it was decided to make the slabs 32 in. wide and to include eight 
longitudinal wires. A thickness of 4 in. was chosen as representing 
the minimum floor thickness allowed in the usual building code. In 
order that the effect of length might be brought out, the supports for 
slabs number 1 to 7 were spaced 5 ft. apart, and for slabs number 8 
to 14 the supports were on 8 ft. centers. It was desired also to investi- 
gate the effect on the slab of end restraint varying from complete 
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freedom to complete fixation. Hence, in each span two slabs were 
simply supported, one was cantilevered over one support, and 4 were 
cantilevered over both supports. Of these double cantilever groups 
the supporting steel beams of one slab of each span length were 
encased in concrete, as is usual in building practice. 

The reinforcement was designed in accordance with the proposed 
New York building code, to carry a uniformly distributed live load 
of 150 lb. per sq. ft. The most convenient commercial fabric having 
the required cross sectional area contained No. 9 longitudinal wires 
at 4 in. centers with No. 12 transverse wires at 12 in. centers for the 
5 ft. spans, and No. 3 longitudinal wires at 4 in. centers, with No. 8 
transverse wires at 16 in. centers for the 8 ft. spans. 


TYPES OF LOADING 


Although the slabs were designed for a uniform load it was deemed 
advisable to test them under concentrated loading simulating as 
nearly as possible the moments and shears produced by uniform 
loading, to preclude the indeterminate arching effect of an applied 
uniform load. On the simply supported spans, therefore, the con- 
centrated loads were applied at the outer quarter points of the span. 
In this position the shears produced are the same as those resulting 
from a uniform load giving the same bending moment. On the slabs 
having the double overhang the loads were so placed as to produce a 
maximum negative moment equal to twice the maximum positive 
moment—a condition which corresponds to complete fixation under 
uniform load—and so placed that the points of contra-flexure would 
coincide with those produced by a uniform load. On the slabs having 
a cantilever at one end only, the position of the loads was such as to 
produce equal positive and negative maximum moments, this being 
an intermediate state between simple support and complete fixation. 

The overhang on the 8 ft. slabs, while long enough to receive the 
applied cantilever loads was limited by the physical conditions of the 
test to a length too short to produce a negative moment twice as 
great at the positive moment caused by its own weight, and com- 
pensating weights were hung on the ends of the slab. On the 5 ft. 
spans this was unnecessary, since the cantilever ends of the slabs could 
be made long enough to produce the required moment distribution. 

All 14 slabs, with dimensions, reinforcement, and positions of load 
are shown in Fig. 1. 

LOADING APPARATUS 


In Fig. 2 is shown the apparatus by means of which the loads were 
applied, which may be likened in its action to a nut cracker. The 
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load was applied by means of the testing machine to one end of the 
upper beam. The other end was hinged by means of a pair of vertical 
rods to the lower supporting beams, and these beams in turn were 
hung from a cross beam resting upon the weighing table of the testing 
machine. This made it possible to weigh accurately all applied loads, 
which, of course, were doubled in magnitude at the slab. 

In the discussion which follows, the weight of the slab and of the 
beams resting upon it through which load is applied will be referred 
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to as the dead load. Live load is the load applied to the slab by the 
machine, and of course will be twice as great as indicated on the scale 
beam of the machine. The live load was applied in increments of 
500 Ib. at the machine, corresponding to 1,000 Ib. at the slab. No 
extensometer readings were taken, but a sufficient number of deflec- 
tions were read, accurate to 0.01 in., to give the contour of the slab 
following the application of each increment of load. Fig. 2 shows the 
8 ft. double overhang slab with encased supports. This same slab 
is again shown in Fig. 3, carrying a live load of 18,400 lb. 
TEST DATA 


In all cases failure occurred by the breaking of the longitudinal 
wires at the point of maximum moment and in no case did any wire 
break in the weld. These facts are particularly significant when it 
is remembered that a crack always occurred at a point of maximum 
moment and also at this point a cross wire was always present. Thus 
for the longitudinal wire to break at a point away from the weld, it 
actually had to break away from the crack and pull out of the sound 
concrete. This is very clearly illustrated in Fig. 4, which shows a 
typical fracture. The simple slabs of course, broke near mid span, 
and the slabs with double overhangs, having a negative moment twice 
as great as the positive, naturally failed over the supports. The 
slabs having a single overhang both failed over the support although 
negative and positive moments were equal, probably due to the fact 
that in the region of negative moment the steel was a little closer to 
the compression surface than in the region of positive moment. Such 
a condition could easily occur, since the reinforcement tended to 
settle in the wet concrete. No cracks were found in the cantilever 
ends, although sometimes a crack occurred directly above each edge 
of a supporting I beam. In the slabs with cantilevers, one crack, and 
only one, usually occurred just outside the middle load points, although 
several might occur between these loads. 

The behavior of the 5 ft. spans showed very clearly the influence of 
the strength of the concrete itself, a factor neglected in design. In 
the simple spans of this length only one crack formed, and the longi- 
tudinal reinforcement broke either at the load which caused the crack 
or when an attempt was made to apply the next increment of load. 
The same is true in the 5 ft. span with single overhang, where the 
cantilever broke off during the application of the increment following 
that which formed the first crack over the support. One of the double 
overhanging slabs of 5 ft. span also broke when an effort was made to 
increase the load above that which caused the first crack. In the 
other, the load dropped very considerably when the crack formed, 
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because the slab deflected away from the loading device. As the head 
of the machine was run further downward the slab again picked up 
load, but was never able to sustain the load which caused the first 
crack. These results indicate that the percentage of steel employed 
was just about the minimum amount necessary to make the cracked 
reinforced concrete slab equal in strength to the uncracked unrein- 
forced slab when steel of this quality is employed. 


The same phenomenon was observed in the behavior of the 8 ft. 
span though not in so marked a degree, for here, because of the larger 
percentage of steel employed, the loads carried were much in excess of 
those which caused the first cracks, and hence resulted in the formation 
of more than one crack in each slab. In general more cracks occurred 
in the slab with drooped reinforcement than in the others, although 
the difference is not pronounced except in the case of the simple spans. 


The manner in which the slab cracked has an important bearing on 
the permissibility of drooping the reinforcement. It is evident that 
the resistance of concrete to tension, although neglected in design, 
insures the integrity of the concrete for some distance on each side 
of the point of contraflexure. It is in this region that the reinforcement 
is drooped, and hence as ordinarily constructed the reinforcement 
may be counted upon as being present in all regions of tension where 
there is danger of cracking. 


RESULTS OF TESTS 


As an aid in summarizing the results of these tests, Table 1 was 
prepared. The first column gives the slab number, the second the 
average measured thickness at the fracture, and the third the average 
measured depth to steel at the fracture. In the fourth column is given 
the data concerning the amount of reinforcement employed, and it 
will be noticed that even in the slabs containing the most reinforce- 
ment the percentage of steel present is not much more than half the 
amount required when steel of structural grade is used. Columns 5 
and 6 give the maximum positive and negative dead load moments. 
Columns 7 and 8 give the maximum positive and negative live load 
moments due to a single increment of live load. Column 9 gives the 
number of increments of live load required to cause the fracture of 
each slab. By multiplying the live load moment for one increment by 
the number of increments the total live load moments given in columns 
10 and 11 were found. These, added to the dead load moment, give 
the total moment resisted by each slab. If the slabs had been of 
exactly the same thickness, and if in comparable slabs the steel had 
been at exactly the same distance from the compression surface, 
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TABLE 1 
. 
Z g Dead Load] Live Load | No. | Total L. L. Total Mom. | Computed fst 
| 98 |S.,| 4e | Moment | Moment | of Moment 
D S 5 Incr’m’ts* |Incr. t 
a + - + - ea 
1 | 43%| 374 iosa| | 625) = | 4.8 \as.000| == (o 40a9/0b honor mee 
2 | 4y| 3%\s8 | 1030] — | 625| —| 6.5 | 4,063] — 102) — 122,040| — 
3/4 #(EExe| 470] 512] 322} 326|9+ | 2,898] 2,934] 3,368] 3,446] 91,855) 93,982 
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13 }4 |2u/5% | 504/ 1196| 218) 421\14.86| 3,239| 6,256 3,833| 7,451| 46,887| 91,144 
14 | 3%| 2% 546| 1176; 218| 421/21.86| 4,765| 9,203} 5,311] 10,379] 75,781|148,095 


*500 lbs. applied at machine +j—.97 on 5 ft. spans; j—.93 on 8 ft. spans. 


these total moments could have been used in comparing strengths. 
Since, however, neither of these factors was constant, the resisting 
capacity of each slab may be expressed in terms of the computed 
tensile stress developed in the steel at failure. These computed 
stresses are tabulated in the last two columns of the table. 

It is of interest to note that slab No. 2 was apparently stronger than 
slab No. 1, and that the strength of slab No. 9 bore practically the 
same ratio to the strength of slab No. 8. Slabs No. 2 and No. 9 were 
reinforced with drooped steel. No special reason for this phenomenon 
is apparent, but it is evident that drooping the reinforcement does not 
impair the strength of the slab, and that up to at least 8 ft. the varia- 
tion in span length produces no detrimental effect. Similarly, com- 
paring the stresses developed in slabs No. 4, 5, and 6 it is seen again 
that the slab with the drooped reinforcement, No. 6, is in no wise 
inferior in strength to the other two. Comparing slabs No. 11, 12, 
and 13, slab No. 12, with separate sheets of reinforcement, developed 
a somewhat greater strength than the other two, but the slab with the 
drooped reinforcement was stronger than that in which the reinforce- 
ment was bent sharply at the points of inflection. Slabs No. 7 and 
No. 14, compared with the others of similar span, indicate quite 
forcibly the strengthening effect of the concrete haunches, and show 
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that it is quite reasonable to base the bending moment upon the 
clear spans. 

The question might be raised with respect to the 5 ft. spans as to 
the adequacy of the reinforcement. The amount used was, as stated 
before, just about the percentage required to make the reinforced slab 
equal in strength to the unreinforced slab. Moreover, the average 
live load required to cause the first crack in these slabs, and incident- 
ally to bring about the failure of the steel, was equivalent to 630 lbs. 
per sq. ft. From this it will be seen that the slab, even with this small 
reinforcement, had a factor of safety of 4.2. 


SUMMARY 


This series of tests demonstrates effectively that: 

First: Cold drawn wire which has no definite yield point may be 
expected to develop its full ultimate strength in a reinforced concrete 
slab, and that therefore a working stress of 50 per cent of the elastic 
limit as defined by the A. 8. T. M. specifications is quite permissible. 

Second: That electrical welding of the intersections does not 
necessarily produce a fabric with a less tensile strength than that of 
the individual wires. 

Third: That drooping of the reinforcement is quite as effective a 
method of reinforcing a slab as placing it in any other position. 

Fourth: That it is quite permissible to use the clear spans in com- 
puting the bending moments. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June 1936. Discussion should 
reach the Secretary by April 1, 1936. 


Trst or Cotors For PortLaNnp CEMENT Mortars* 
BY RAYMOND WILSON} 


Ar vue 1927 convention of the American Concrete Institute, the 
author presented a paper under the above title! That paper reported 
results of exposure and strength tests on portland cement mortars 
colored by the admixture of finely ground pigments. Exposure tests 
considered in the paper had been under way for periods ranging from 
a few months to less than one year. The specimens have now been 
exposed to weather for more than 9 years. Occasional inspections 
have been made since the first report, though it has not been necessary 
to use the elaborate inspection procedure previously described. 


Long-time exposure has not materially changed the import of the 
conclusions based on exposure for a few months. With the exception 
of the ultramarine blues, all pigments which did not fade within 3 to 6 
months still retain their color. Some of the ultra-marine blues retain 
a fairly good color and others have deteriorated. 


Color changes other than those brought about by fading of the pig- 
ment have assumed a relatively greater importance with lengthening 
time of exposure. Weathering of the pigmented cement paste has 
brought a greater area of aggregate into view. As discussed in the 
original report the effect of this aggregate exposure depends on the 
color of the aggregate and of the cement paste. It is extreme in such 
cases as a combination of a yellow aggregate and a blue pigment, which 
are approximately complementary colors. On the other hand the 
effect of exposure is small when the pigment and the aggregate are of 
approximately the same color, or when the aggregate is colorless or 
white. 


Based on long periods of exposure, the major conclusions of the 
investigation may be re-stated as follows: 


1. Mineral pigments of the types comprising the greater part of the 
pigments tested are not affected by exposure to weather in the presence 
*Received by the Institute Secretary, October 14, 1935. 
+Conservation Engineer, Portland Cement Association, Chicago, Tl. 
1Proceedings, Amer. Concrete Inst., Vol. 23, p. 226. 
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of portland cement. The more extensively used of these pigments are 


the various pure or impure oxides of iron, chromium oxide, and carbon 
black. 


2. Six months appears ample to indicate the color permanence of 
most pigments. Ultramarine blue is a possible exception and other 
types of pigments not included in the tests may eventually fade after 
retaining their color for longer periods than 6 months. 


3. The use of color-durable pigments does not insure durability of 
color in the mortar surface. Exposure of the aggregate may lead to a 
change in color of the mass. Another source of apparent color failure 
is efflorescence. A thin film of efflorescence deposited on the surface 
of colored concrete may mask the color and give the appearance of 
fading even though the cement paste itself has shown no change in 
color. 


Discussion of a paper by Messrs. Ruettgers, Vidal and Wing: 


‘““Anw INVESTIGATION OF THE 
PERMEABILITY OF Mass CONCRETE 
wiItH PARTICULAR REFERENCE TO BOULDER Dam’’* 


+ 
8. L. MEYERST 


Tur autTuors have contributed needed knowledge in a rather 
neglected field of concrete. 

A disproportionate amount of both sesedteh work and routine 
testing have been on strength of concrete, while such weaknesses of 
concrete as porosity, (and its near relation, permeability), resistance 
to corrosion, volume changes, and fatigue have not received the atten- 
tion they deserve. 

The conclusion of the authors, “that the Boulder Dam mass con- 
crete is so impermeable through the concrete proper that a gunite 
coating on the upstream face is unnecessary,”’ seems quite justified 
from the results of their tests. It is also probable that the concrete 
in the dam will be less permeable than tests indicate; since some factors 
tending to make a large mass with a higher center than surface tem- 
perature and a slow flow of water with higher concentration of salts, 
less permeable than the specimens under test at. room temperature 
using a more rapid flow of water with lower concentration of salts. 

Not considering any chemical reactions between the water and 
cement during hydration, there are three stages of cement hydration 
depending on the amount of free water present—each stage may merge 
in another. 

First stage: Water present in combination, absorbed, or in capill- 
aries, no mobile water present. All four cement compounds hydrate 
incompletely, only tricalcium silicate hydrolyzes to some extent by 
setting free lime hydrate. Here the concrete corresponds to that in 
dam before any flow of water starts through it. 

Second stage: Free water present, but saturated water containing 
end products not removed, resulting in equilibrium which limits 
hydration and hydrolysis. All four compounds liberate lime by 


*JouRNAL, Amer. Concrete Inst., March-April 1935, Proceedings, Vol. 31, p. 382. See also discussion 
Sept.-Oct. 1935, p. 125, this volume. 
+Chemist, Southwestern Portland Cement Co., El Paso, Texas. 
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hydrolysis, (to a lesser extent small amounts of silica, alumina, and 
lime go into solution). Hydration more complete than in preceding 
stage. Corresponds to condition of concrete, (except for a thin portion 
upface), in dam during early stages of flow as long as water is satur- 
ated with lime. 

Third stage: Soluble reactions products removed by excess water 
all reaction products proceed to completion, leaving no soluble lime 
or soluble lime compounds; but only insoluble hydrous silica, alumina, 
and iron. This end condition could only occur in a permeable mass 
of concrete after long ages of flow. 

The literature cited by the authors deals mainly with small per- 
meability test pieces and rather rapid flow of water through specimens. 
In such cases the readily hydrolyzed lime, above that quantity of 
lime precipitated as calcium carbonate, is washed out; then the excess 
carbonic acid dissolved in the water combines with calcium carbonate 
to form soluble calcium bicarbonate which is removed from the struc- 
ture of concrete by the percolating water. It is this latter process, 
sometimes referred to as ‘‘acid corrosion,” that is so common in 
concrete of ordinary sized structures but can only occur in large mass 
concrete after long periods, except in regions adjacent to cracks, or 
faults. 

In the flow of water, containing bicarbonates and dissolved carbon 
dioxide, through concrete, there will come a time, as the readily 
available lime decreases, when the carbonate in the water will be able 
to precipitate all of the dissolved lime as calcium carbonate as fast as 
it forms to separate from solution within the concrete and the dis- 
charge water will contain no lime. 

It was this condition noted by the authors who concluded ‘“‘the 
Denver City water was found to be non-corrosive to these residual 
silicates; for once the early hydrolyzed lime was removed, analysis 
indicated no further extraction of salts by the percolating water.” 

Where the soluble products of a reaction are removed as formed, the 
reaction will go to completion; in this case lime will continue to be 
formed by hydrolysis and removed, either as the hydrate discharging 
with the water or as the carbonate precipitated within the concrete 
pores, but not retarding the reaction except by surface coating. In 
time the cement portion of the concrete will be represented by a mass 
of hydrous silica, alumina, and iron. / 

High concentration of hydroxylions will retard hydrolysis of cement, 
but the alkalinity required for equilibrium is over pH 12.0, and this 
is out of the range of all city and commercial waters and all but unusual 
natural waters. 
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A consideration of the analysis of Colorado river and Denver city 
water indicates the following probable reactions will occur: 


Colorado River Denver City 
Material Precipitated Within Pores of Concrete = — 
if Flow is Sufficiently Slow (Parts Per Million) (Parts Per Million) 
ING (OTD) 9:5 cc dot ome grawtre & tlesaseed pereatepatanetiah isles Magee 50.4 18.5 
1: Fara ARS rin pe tee ema Ip ay SRA WAI. Scorch Alias crtiec 261.0 140.0 
CH eee ety eae RCI Ie raudaeay ech ere ed Che SOF 19.0 4.5 
3Ca0. ALOssCasOrcsl HOw nice cane ccudurceas are 863.0 141.0 
hf OPER ERE, PTE eR ACN ws. oa Dies Perey he. chee Bh 0.3 0.1 
Potalsior7Aepositioul. aire cae ona seen en ere ome 1193.7 304.1 
Materials Present in Discharge Water 
INC} Se IRC LI evans cise sh vivre cueterettare nats cahneemiasaeiarace eeeaee 92.3 32.6 
INA OI hits cas cscs aisty ane eerele re tsu iene aan Ree Meo ee ene 67.3 \4 2 
lO) cee eA I ee Son eel Foro Rae De tCLIR CAB OO C80 B58 8.2 (ge 
COLKO}F Dh ee RA ane Bee Sr manemrnss hs Pitre inte ARC cO O.6 1030.0 (at 20° C) 1116.0 (at 20° C)* 
Material Taken From Concrete or Used in Reactions 
Where Redeposited 
‘Lo-form: Ca Ost he she se cus ee heres aes ere einer Rae Ue ONO nas 39 CaO 
To form 3CaO.AhO3.3CaSOs.31H20...............-. 244 C3A.6H2O 40 CsA.6H20 
Lime in discharge solution... «: .s.00 es ene os oa 1033 1116 
TOMWATS Arce oc accsoe Meteor ect ate eevee epee oats ee rere 1350.0 1195.0 
‘Total solids: deposited: 2 +. fictucmyeron meee eee raner eens 1193.7 304.1 
Net loss of weight: in} conerete... 5.2. « sce ano wraneane 156.3 890.9 


*The difference in lime content of the two waters at discharge is due to difference in OH concen- 
tration. 


On a basis of weight the Colorado river water will dissolve some- 
what more solids from concrete than will be precipitated within the 
pores of the concrete; however, on the basis of volumes the condition 
may be reversed due to the bulkiness, or low specific gravity, of the 
precipitated materials, (excepting CaCQO;). As an example: C;A 
6H,O has a specific gravity of 2.41, while the higher sulphate form of 
C3A has a specific gravity of only 1.48. C;A.6H2O by weight is 
28.3 per cent of 863 ppm. of sulphate, but is only 17.4 per cent by 
volume. 

Where the bulk of deposited materials is greater than the bulk of 
dissolved materials, pore space and therefore permeability would 
tend to decrease. This of course is independent of decrease of pore 
space due to normal hydration. 

In spite of the low percentages of C3;A in the low heat cement used 
in Boulder Dam there will be sufficient C;A to combine not only with 
the SO; in the cement but to form calcium-sulpho-aluminates for long 
ages at the indicated rate of flow. Where the volume of calcium- 
sulpho-aluminates formed exceeds the pore space of the concrete it 
will probably set up an expansive force. 

The authors feel that the concrete pores may become full of deposited 
salts on the downstream face of the concrete, cutting off flow and 
building up pressure at this point. It seems likely that this condition 
will occur towards the center of the concrete mass, (but due to decrease 
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of solubility, not evaporation, in this case) because of the following 
reasons: 

As the water comes into contact with the upper face of the dam, in 
the early stages, most of the chemical reactions will occur rapidly— 
deposition of calcium carbonate and magnesium hydroxide; the 
Ca(OH). dissolved from this first zone will not (at least at first), 
require further Ca(OH). to be dissolved in the central zone, but pre- 
cipitates such as calcium-sulpho-aluminate which may not be formed 
immediately because of the low solubility of C;A.6H.O, will tend 
to be precipitated in the more central zones. 

Both calcium hydroxide and calcium carbonate are more soluble 
at lower than high temperatures and some of this material will be 
precipitated out in the flow of water towards the central portion of 
the concrete mass. 

Independent of the above temperature effect, cement forms super- 
saturated solutions from which more stable forms slowly precipitate; 
thus, as the super-saturated water flows from the upper face zones to 
the central zones deposition will occur. Pressure also tends to make 
substances go into solution, so that until the center of the mass becomes 
impermeable and the pressure at that zone as high as at the face, 
substances will be deposited due to decrease of pressure as they travel 
towards the downstream face. 

In short many of the factors involved tend to deposit material at 
the central zones, but few, or none, to dissolve from there. 

One would expect that if the authors made more tests on cements 
with varying fineness and chemical composition, some relationship 
would be shown between these conditions and permeability. It seems 
to be the general impression, and it is logical, that permeability 
decreases with increasing cement fineness. Owing to different amounts 
of water combined, resulting in volume differences between anhydrous 
and hydrated cement compounds, calculation shows a considerable 
difference in the void space of hardened neat pastes made from the 
four cement compounds. 


The previous issue of this JouRNAL announced the conclusion 
of this discussion in this issue. Conclusion is deferred to the 
Jan.-Feb. JouRNAL (1936), to permit the authors of the original 
paper to include additional data in their closure.— EDITOR. 


Discussion of a paper by R. F. Blanks and C. C. McNamara: 


“Mass Concrete Tests In LARGE CYLINDERS’’* 
BY B. MOREELLT 


In rue oral presentation of this paper at the 3lst Annual Con- 
vention of the Institute, Professor Carlson stated that the decrease in 
unit strength of the large cylinders (shown by Fig. 5) was probably 
the result of internal stress caused by differences of temperatures and 
humidities between the outer layer and the interior of the cylinder. 

The authors state that ‘‘a complete explanation of the reduction in 
the strength of concrete due to increasing the size of the specimen has 
not as yet been satisfactorily developed. It is probable that the ratio 
of diameter of cylinder to maximum size of aggregate, internal stresses, 
end restraint and other factors not yet revealed combine to produce 
the final result.”’ 

The wide range over which the apparent compressive strength of a 
brittle material, such as stone and concrete, can be made to vary by 
changing the conditions of end restraint is not generally recognized. 
The magnitude of this range is dependant upon the nature of the 
material being tested as well as on the end conditions of the specimen. 
A. Foppl, in tests on 8-in. cubes, reduced the apparent compressive 
strength of mortar specimens to 56 per cent of the usual value by 
lubricating the ends of the specimen with a mixture of tale and animal 
fat. For granite, he reduced the apparent strength to 28 per cent of 
the normal value. 

Mesnager tested various brittle materials in the same manner and 
obtained reduced strengths ranging from 85 per cent to 42 per cent of 
the normal values. 

It appears that the resistance to lateral distention at the surface of 
contact between specimen and testing machine acts to increase the 
compressive resistance of the specimen, as does any lateral restraint. 
The resistance to lateral distention may be caused by friction between 
the contact surfaces, by deflection of the platen of the machine, by de- 


*JouRNAL, Am. Concrete Inst., Jan.-Feb. 1935; Proceedings Vol. 31, p. 280. 
+Commander, C. E. C. U. S. Navy Bureau of Yards and Docks, Washington, D. C 
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flection of the edges of the specimen, or by a combination of these effects. 

The large variations in strength noted above were obtained from 
tests on cubes. It is reasonable to assume that the effect of lateral 
restraint would be greater on a cube than on a standard cylinder having 
a height twice its diameter. Nevertheless, it is interesting to note that 
Gonnerman, in tests on standard concrete cylinders, obtained re- 
ductions in strength of 53 per cent by inserting sheet rubber between 
the platen of the machine and the specimen. (See Bulletin 14, Lewis 
Institute, 1925.) 

While it is not stated in the paper, it is assumed that all specimens 
were tested in the same machine, shown in Fig. 2. It is reasonable to 
assume that the lateral restraint at the ends of a small specimen would 
be greater in such a machine than for a large specimen, the edges of 
which are flush with the edge of the platen of the testing machine. 

In this connection, there may be some significance in the fact that 
for the largest size of cylinder, where the lateral restraint was probably 
a minimum, the reduced strength was about 84 per cent of the 6 x 12 
cylinder strength, which is almost the same relationship found by the 
Institute’s Committee 105, Reinforced Concrete Column Investiga- 
tion, between the strength of concrete in the columns (where the effect 
of lateral restraint at the ends is dissipated in the length of the column) 
and the standard cylinder strength. 


BY-H- J. GILKEY 


Preliminary Note. The tables and figures of this discussion have been numbered to 
follow consecutively those of the paper. References are numbered in the body of the 
discussion and follow at the end of 1. 


INTRODUCTION 

Without wishing to detract from the credit due the authors and to 
the Bureau of Reclamation for the admirable manner in which these 
tests have been planned and executed, the writer feels forced, never- 
theless, to take issue with some of the most important of the conclusions 
offered. These major differences will be discussed first, after which 
brief mention will be accorded a few of the other interesting features 
of the tests where the writer’s own experimentation and study seem to 
support or supplement the findings reported. 

Obviously the primary purpose of this investigation was to obtain 
information on mass concrete tested in large cylinders. To round out 
the project by testing other concretes in cylinders of various sizes was 
logical and commendable, but to average the results from such supple- 
mentary tests with those from the mass concrete as a basis for general- 
izations purporting to be applicable to mass concrete is believed to 


*Professor and Head of Department of Theoretical and Applied Mechanics, Iowa State College, 
Ames. 
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have been illogical and hazardous and to have led to some most un- 
fortunate manipulations and commitments. The following explanation 
may give an insight into the origin of the alleged interpretational fallacies. 

This investigation has been necessarily complicated by the presence 
of two major variables: size of cylinder and maximum size of aggre- 
gate.!_ When. the results from a large-aggregate mixture tested in a 
large cylinder are compared with those from a small-aggregate mixture 
tested in a small cylinder, it is observed that the latter strength is the 
greater just as indicated in Conclusion 18. Presumably one of the 
major objectives of this investigation was to determine whether the 


difference noted is due to: 


(a) Difference in size of cylinder. 
(b) Difference in maximum size of aggregate. 
(c) Both the difference in size of cylinder and size of aggregate. 


It is obvious that such a situation calls for the exercise of unusual 
care in the analysis of results to make sure that differences due to one 
of these factors are not mistakenly attributed to the other. It is in 
this respect that the analysis of these data is believed to be at fault, 
with the result that some unfortunate statements have entered the 
record under auspices that assure them a longevity that will be 
measured in decades. 

Referring to Fig. 3, to which the major points in this discussion 
relate, the procedure has been to average all of the test results for each 
size of cylinder (regardless of size of aggregate) and to plot the mean 
curve obtained thereby. The mean curve of Fig. 3 is then reduced to 
a percentage and plotted as the appealing generalization of Fig. 4, 
which is then used as the basis for ‘‘correcting”’ the data plotted on 
subsequent figures, thus closing the circle. 

This procedure, instead of separating the variables, has blended them. 
The downward trend from left to right indicates the combined effect 
of size-of-cylinder and size-of-aggregate. Even this is not a true in- 
dication, however, because of the differences in numbers of specimens 
of the different mixtures along the different size ordinates.?, ? And in 


Size of Spec. 2x4 3x6 6x12 8x16 | 12x24 | 18x36 | 24x48 | 36x72 | Totals 
Max. Ager. % 12 12 14 14 6 6 — — 64 
34 — 12 13 12 8 8 6 — 59 
1% — ss 155 12 9 9 9 3 197 
3 6 6 6 3 2 
6 14 3 iy? 
9 13 13 
Totals 12 24 182 38 29 29 35 22 871 


1A third major variable, amount of coarse aggregate, is also present, but in these tests it always 
accompanies the size-of-aggregate variable and need not be considered separately at this time. It does 
receive brief consideration later in the discussion. 

*The writer is indebted to the authors for a list of numbers of specimens (presumably in Series II). 
This list is summarized in the following tabulation: 

’Note, for example, the pronounced downward trend that could be obtained for the mass concrete 
curves of Fig. 22 by the same process of vertical averaging. 
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addition to all this, no line has been drawn between mass concrete and 
ordinary concrete or mortar. For example the value for the 24 by 48 in. 
specimen is an average value for aggregates ranging from 6 in. to 34 
in. maximum while the 18 by 36 in. diameter ranges from 3 in. to 3¢ in. 
maximum. 

Obviously the large aggregates could not extend to the small sizes 
of specimens and for economic reasons the small aggregates were not 
extended to include the largest sizes of specimens. The result (Fig. 4, 
neat, compact and appealing), is a curve of corrections for mass con- 
crete, evolved from mortars at the left, cobbles at the right and an 
assortment of pebbles and cobbles in between that would gladden the 
heart of a geologist, but which do not clarify the problems of mass 
concrete. Fig. 4 is entitled “Effect of Size of Test Cylinder on the 
Compressive Strength of Concrete.” It is suggested that “Assorted 
Variables” be substituted for ‘‘Size of Test Cylinder.” 

Fortunately those portions of the data relating to mass concrete are 
consistent and convincing, once they are isolated and studied (one 
variable at a time). The following assertions are the result of such 
study and constitute the primary theme for discussion. 

1. Within the range of mass concrete mixtures (maximum aggregate 
3 in. or over) there is no evidence whatever in support of Conclusion 
1 that ‘The indicated strength . . . decreases as the size of 
specimen is increased.”’ 

2. All of the mass concrete evidence of this investigation is in direct 
opposition to Conclusion 4 that “Maximum size of aggregate has no 
appreciable effect on the compressive strength of concrete, etc.” 

3. To add to the confusion the authors have ‘‘compounded their 
felony” by evolving, by the averaging process and from the question- 
able small-aggregate evidence of Series II,‘ a curve of correction factors 
(Fig. 4) for use with mass concrete and have, with admirable self- 
assurance, proceeded to “correct” the data of their subsequent figures 
(Fig. 6, 8, 11, 17 and possibly others) for “size-of-cylinder effect,” 
prior to plotting them. Under these conditions such figures, at least, 
may be expected to support the conclusions offered. 

Briefly then the main contentions are: that conclusions purportedly 
applicable to mass concrete have been based entirely upon trends not 
apparent in the mass concrete tests; that size-of-cylinder effect and 
size-of-aggregate effect have been interchanged for the mass concrete 
and probably for concrete in general; that data from Series I, bearing 
upon questions for which Series II was intended to supply the answers, 


4Which may or may not be further complicated by the “‘slight adjustments” in fine sand and cement 
mentioned at the top of page 285. 
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seem to have been disregarded entirely in the formulation of con- 
clusions; and finally that the findings have been complicated by the 
introduction of questionable correction factors to the evidence prior 
to plotting. 

DISCUSSION—SIZE OF CYLINDER AND SIZE OF AGGREGATE 


From the introductory statements, it is apparent that Series II 
shows trends for the mass concrete portion of the evidence that are at 
variance with those for the concretes and mortars with maximum 
aggregates 114 in. or under. To determine then just what is shown 
calls for an unscrambling of the evidence. . 

In Fig. 22, all of the experimentally determined evidence of Fig. 3 
(data of Series II, Table 6) that relates to the mass concrete is plotted 
above and all that relates to ordinary concretes and mortars, is plotted 
below. The following points stand out: 

1. For the mass concrete there is no significant indication of a size-of- 
cylinder effect. 

2. For the mass concrete there is pronounced and consistent evidence 
of size-of-aggregate effect at both 28 days and 90 days. In every case 
the larger the aggregate, the lower the strength. 

3. Within the range of ordinary concretes and mortars there appears 
to be a pronounced reduction in strength with increased diameter of 
cylinder up to 18 in., above which the trend appears either to cease 
or, strangely enough, to reverse itself.®, ° 

4. On the whole the lower figure supports Conclusion 4 as applied 
to the ordinary concretes and mortars.’ Certainly there are no pro- 
nounced size-of-aggregate effects and such as there are, are in the 


5In spite of the apparent consistency in the indicated size-of-cylinder effect within this range of 
concrete, it is felt that a definite commitment on this point is not justified on account of: 

(a) ae lack of confirmation from other tests, either of this investigation or from other published 
researches. 

(b) The lack of a similar indication within the field of mass concrete either for the tests of this series 
or those of Series I (Tables 5 and 9 and Figs. 26 and 27). : 

(c) The ceasing of the trend and even possible reversal at the 18 inch diameter size without apparent 
reason. 
(d) The fact that these data are so definitely at variance with the other evidence of these and other 
tests on the subject of size-of-aggregate effect, which point will be amplified as the discussion progresses. 


6One point that may bear on apparent size-of-cylinder effects within the smaller ranges of aggregate 
and specimen sizes is the probable fact that the amount of puddling per unit of material, as the mold 
is filled, increases as the size of specimen decreases. The subconscious over-working of small specimens 
may well be expected to result in some added loss of water. if not in increased strength from better 
placement. Such effects however, can hardly be attributed to the size of cylinder, even though they 
may frequently accompany differences in cylinder size. 


7In spite of the apparent consistency of the indication, it is felt that its validity as a basis for general- 
ization (even for these mixtures) is open to serious question. Reasons are as follows: 

(a) The presence of such pronounced and definite size-of-aggregate effects in the mass concrete 
tests of the same series. ; 

(b) The presence of remarkably consistent size-of-aggregate effects for the 114-in. and 34-in. maximum 
aggregates of Series I of these tests (Tables 5 and 9 and Fig. 26 and 28) for 3 water-cement ratios each 
at 4 test ages and all in the same size of specimen. While Series I was designed primarily to cover the 
subject of wet screening, none of these results are from wet-screened material, and they appear to bear 
directly upon the point in question. The fact that the authors seem to have ignored the Series I results 
completely and accepted the opposing indications of Series II, apparently without a question, was due 
perhaps more to oversight than intent. Certainly there is nothing in the paper to introduce a question 
regarding their validity. 

(c) The considerable volume of published data that indicate important size-of-aggregate effects 
over the entire range of aggregate sizes extending from the sands up into the cobbles. ’ 
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Fig. 22—STRENGTH VS. SIZE OF CYLINDER, SERIES II, TABLE 6. SAME 
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ALL OF THE MASS CONCRETE DATA APPEAR IN THE UPPER PART OF THE 
FIGURE 


main reversed between 28 days and 90 days. The 90-day results are 
more in line with the other evidence. 

Table 9 is a rearrangement of the data of Table 5 (Series I). The 
strength ratios of Col. j, k, 1, m, show the consistent and pronounced 
size-of-aggregate effects over the wide range of water-cement ratios 
and ages covered. It will be noted that about half of these tests were 
on wet-screened material and that the wet-screened specimens with 
114 in. aggregate have been used as the basis for comparison. This is 
consistent with practice. 

Fig. 23 shows a typical size-of-aggregate reduction curve from some 
of the data of Series I. Naturally this curve (although for Series I 
tests instead of Series II) does not differ greatly from the “size-of- 
cylinder’ reduction curve of Fig. 4, which is not strange in view of the 
fact that Fig. 4 is probably influenced more by size-of-aggregate than 
by size-of-cylinder as was pointed out in the introduction. 

Fig. 26 is a good basis for over-all study of much of the evidence of 
Series I (Tables 5 and 9). Effects of size of cylinder, size of aggregate, 
and wet screening are all shown, including specimens in which the 
aggregate exceeded one-fourth the diameter of the cylinder. Table 9, 
Col. (£), (g), (bh), (i) should be used, however, if comparisons are de- 
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sired between the material which was wet screened and that which was 
not, for 114 in. aggregate. 

For clear-cut evidence from unscreened mixtures of Series I on both 
the “size-of-cylinder effect” and the “size-of-aggregate effect”’ this 
entire investigation offers nothing more conclusive or definite than 
the Fig. 27 and 28. 

Fig. 25 shows in other arrangements the consistent size-of-aggregate 
effect and the lack of a consistent size-of-specimen effect for all of the 
data of Series II (Tables 6 and 10) for all aggregates 14% in. maximum 
size or larger. It should be noted especially that in both parts of the 
figure sizes of aggregate always fall in sequence; sizes of specimens 
never do. 

EVIDENCE FROM OTHER RESEARCHES ON EFFECT OF SIZE OF SPECIMEN 


Among the few tests on record there are still fewer in which there 
were not variations in the manner of fabrication, curing, treatment 
of the ends, machines and speeds of testing, etc., that limit the de- 
pendability of the findings. The most authoritative of the tests are 
probably those by Gonnerman (1) from which he states that “lower 
strengths were generally obtained with the larger cylinders” (1 p. 250 
No. 3). He states further, however, that “the decrease in strength 
with size of cylinder, was not important for diameters of 6 in. or less” 
whereas it is in exactly that range that the greatest size effect is 
apparent in the data of Series {ik 

The writer has failed to find consistent indications of size effect in 
his own tests in which many comparisons have been made between 
6 by 12 in., 3 by 6 in. and 2 by 4 in. cylinders, but none of which have 
been in the mass concrete range. A few representative data have been 
published (2 p. 434, 440, 442, 525). More often than not either the 
6 by 12 in. or 2 by 4 in. specimens occupy the middle position as regards 
strength. Unpublished tests made within the past year on mortar 
specimens give the following results: 


Size of Spec. Age at Test No. Tests Averaged Compr. Str. 
2x4 7 da. 14 2650 
3x6 ef 11 2800 
2x4 28 da. 96 5350 
3x6 v 61 5520 
6x12 Ss 7 5400 


The utmost care was taken to exclude variables other than size of 
specimen. All specimens were tested on the same Southwark-Emery 


(1) See references at end of this discussion. 
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testing machine, with appropriate sizes of spherical bearing block and 
testing speeds. 

Among the tests which would seem to indicate most clearly a con- 
sistent size-of-cylinder effect are those made in connection with the 
construction of the Santeetlah Dam (3 p. 5). The results from these 
specimens cannot be accepted at their face value, however. They 
were field-fabricated and later shipped to Washington for test. They 
constituted a first venture into the realm of large specimens and there 
were present many disturbing factors, unavoidable under the cir- 
cumstances. The following excerpt from a Bureau of Standards report 
issued in August, 1928, covers this aspect briefly: ‘Even though in all 
probability the difference in strength of the small and larger cylinders 
may be assigned in great part to different fabrication and curing con- 
ditions and thus invalidate the tests as a measure of the respective 
strengths of small size and large size cylinders made of the same 
material and cloud the influence of difference in aggregate size, never- 
theless, the tests have considerable value.” 


OTHER RESEARCHES ON SIZE OF AGGREGATE 


Tests by Dwyer and Bates (4) illustrate definite size of aggregate 
effects over a selected group of mixtures, as was pointed out in dis- 
cussion (4 p. 626). Tests by Ira L. Collier (5 p. 731) show, for his 
workable mixtures, consistent increases in strength as the coarseness 
of the aggregate was decreased by substituting sand for gravel. Also 
they show decreasing strength for increasing coarseness of sand (Fig. 8) 
except for two of the wet, harsh mixtures, which probably segregated 
badly with an accompanying reduction in the actual water-cement 
ratio as placed. 

In a discussion of a report by F. R. McMillan (6 p. 522) are cited 
pertinent data on the effect of size of aggregate, all of which bear out 
what are believed to be the dependable portions of the author’s findings. 

That the reductions in strength continue with increased coarseness 
of sand in a mortar, if the water-cement ratio be held constant, is 
indicated on Fig. 9 of (7 p. 379). The finest sand at the left (100-48) 
gave a mortar too stiff for proper placement at the water-cement ratio 
used, accounting for the low strength for the finest grading. Other 
pertinent data appear in the same paper and also in the discussion of 
it. The work of Powers at Bull Run (8 p. 388), shows the same de- 
crease of strength with increase in aggregate size. Powers’ findings 
are reinforced in his closure (8 p. 430). 


THE EFFECT OF VARIATIONS IN THE AMOUNT OF COARSE AGGREGATE 
Little mention has been made of this factor, but in these tests it is 


Nov.-Dec. 1935 Mass Concrete Tests in Large Cylinders 245 


6000 T , 
| | 
! te Ale 
4 Not Pe Sscible Limit of Accepted Practice Not Permissible 
A | Ieee. Practice 
., £000 L : 
s inva | on 
~ os ta | La 
RY < + 1 
1 2000 = Ss N 4 TY 
=? 0 
Res 2 
= “ ee H 4 
ib) = - a ee 
2 oo. Fy LJ 
ly aon é =~ 
Q 3000) ‘ral i | 
i) tlsegeeeh, [ a 
Sis eee 
wW yoo-- te. ¢ 
= Fr & 
i) H Si f T a < 
) 2900) 7 ey : i apy . 
iy @ Qrch max, oggregate AlZ inch marx aggregate 3 
Q * GineQ ” * Winch « Seite oP 
S| ee ee Se Pawar enn 7 Doy Test 20 Day Test S 
Se A g 
S a4 | ———2E Day Test —-— %j/ Yr Test Sie 
| vel | | ! 
1 
iS SERIES TT TJABLEG Gi specimens | SERIES Z TABLES | 


| 3in aggregate of A3, B3,C3 


0 | 
6 8 10 IS 2025390 40 50 / é 3 '4 6 6/9 


r 2) 4 
RATIO OF DIAMETER OF CYLINDER TO MAXIMUM SIZE OF AGGREGATE (Log. Scaie) 


Fic. 29—StTRENGTH VS. RATIO OF DIAMETER OF SPECIMEN TO 
MAXIMUM SIZE OF AGGREGATE 


present and inseparable from the size-of-aggregate effect. In practice 
there are few instances in which it is necessary or desirable to alter 
materially the amount of coarse aggregate except as the grading (size) 
changes. The larger the maximum size used the greater is the amount 
that may be incorporated, as these tests so well demonstrate. 

Referring to Table 9, Group A, column b, it will be noted that the 
amount of coarse aggregate varies from 8.81 parts at a 9 in. maximum 
to 4.50 parts at a 34 in. maximum size. The mortar is constant for a 
group. Fundamentally it is of interest to know to what extent the 
variations attributed to size may have been due in part to amount. 
Practically, or at least for present purposes, it is not essential that 
these two variables be separated. (4 Fig. 6), (6 p. 524). 

On the basis of other studies, however, it may be stated with reason- 
able certainty that it is the size and not the quantity of coarse aggre- 
gate that accounts for the major portion of the variation in strength 
that is attributable to the Siamese pair of variables present in this 
paper wherever the maximum size of coarse aggregate is mentioned. 

DISRUPTING INFLUENCE FROM VOLUME CHANGES 


Were the size of specimens to be increased indefinitely a point would 
be reached at which there would be important size effects because of the 
disrupting volume changes that occur (a) from the mechanical effects 
of crystal growth, (b) from the stored chemical heat of setting. If the 
curing were other than standard there would also be (c) the volume 
changes and distortions that accompany changes in moisture content. 
In these tests factor (c) was not present. That (a) and (b) had no 
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TABLE 9—SEE SERIES 1, TABLE 5 OF PAPER FOR SUPPLEMENTARY DATA ON PROPOR- 
TIONS, WATER-CEMENT, RATIOS, ETC. 


Crs. Ager. Cylinder Compr. Strengths Strength Ratios 
Line|No.| Parts |Max.| Ratio 
ByWt.| Size | Size |To Ag.| 7 Day|28Day|90 Day} 1 Yr. 7 Day |28 Day |90 Day] 1 Yr. 
Col. | a b c d e f g h i j k 1 

1 |Al1| 8.81 | 9 36x72 | 4.00 | —— | 2600 | 3120 | 3570 | —— | 0.79 | 0.76 | O. 

2 6.621] 3 8x16 | 2.67 | 1890 | 2670 | 3500 | 4110 | 0.86 | 0.81 |.0.85 | 0. 

s 5.431] 114 | 6x12 | 4.00 | 2190 | 3290 | 4120 | 4840 | 1 00°}, 1.00) | 1500 7) k: 

4 |A2] 8.08 | 6 24x48 | 4.00 | —— | 2290 | 2890 | 3700 | —— | 0.73 | 0.73 | 0. 

5 6.621 | 3 8x16 | 2.67 | 1850 | 2720 | 3380 | 4110 | 0.89 | 0.87 | 0.85 | 0. 

6 5.431 | 114 | 6x12 | 4.00 | 2080 | 3120 | 3980 | 4800 | 1.00 | 1 £00) || 2.008 03 

7 |A8| 6.62 | 3 12x24 | 4.00 | —— | 2560 | 3130 | 3720 | —— | 0.92 | 0.90 | 0. 

8 6.62 | 3 8x16 | 2.67 | 1910 | 2510 | 3280 | 4050 | 0.93 | 0.90 | 0.94 | 0. 

9 5.431 | 144 | 6x12 | 4.00 | 2060 | 2790 | 3490 | 4160 | 1.00 100") 100 

10 |A4| 5.43 | 1% | 6x12 | 4.00 | 1830 | 2570 | 3150 | 3720 | 1.00 1500} L000 er. 

11 |A5| 4.50 34 | 6x12 | 8.00 | 2050 | 2920 | 3650 | 4510 gM a Ue a Vee | a 
12 |B1| 7.05 | 9 36x72 | 4.00 | —— | 3090 | 3680 | —— | —— | 0.76 | 0.76 | —— | 12 
13? 5.301| 3 8x16 | 2.67 | 2420 | 3470 | 4220 | 4960 | 0.84 | 0.86 | 0.88 | 0.83 | 13 
142 4.3511 144 | 6x12 | 4.00 | 2880 | 4050 | 4810 | 5970 | 1.00 1.00 | 1.00 | 1.00 |} 14 
153 |B2| 6.47 | 6 24x48 | 4.00 | —— | 3020 | 3540 | 4110 | —— | 0.75 | 0.68 | 0.69 | 15 
162 5.30! | 3 8x16 | 2.67 | 2420 | 3470 | 4220 | 4960 | 0.84 | 0.86 | 0.81 | 0.83 | 16 
172 4.35! | 114 | 6x12 | 4.00 | 2880 | 4050 | 5180 | 5970 | 1.00 | 1.00 1.00 | 1.00 | 17 
18 |B3} 5.50 | 3 12x24 | 4.00 | —— | 3180 | 3880 | 4210 | —— | 0.90 | 0.94 | 0.84 | 18 
19 5.30 | 3 8x16 | 2.67 | 2410 | 3290 | 3830 | 4910 | 0.88 | 0.93 | 0.93 | 0.99 | 19 
20 4.35 | 144 | 6x12 | 4.00 | 2740 | 3520 | 4110 | 4980 | 1.00 | 1.00 1.00 | 1.00 | 20 
21 |B4| 4.35 | 144 | 6x12 | 4.00 | 2600 | 3560 | 4060 | 4990 | 1.00 | 1.00 | 1.00 1.00 | 21 
22 |B5| 3.60 84 | 6x12 | 8.00 | 2810 | 3740 | 4730 | 5670 | 1.09 | 1.05 | 1.17 1.14 | 22 
23 |C1| 5.88 | 9 36x72 | 4.00 | —— | 3740 | —— | —— | —— | 0.82 | —— | —— | 23 
24 4.411) 3 8x16 | 2.67 | 2980 | 3790 | 4640 | 5200 | 0.99 | 0.83 | 0.84 | 0.85 | 24 
25 3.621| 114 | 6x12 | 4.00 | 3030 } 4590 | 5500 | 6140 | 1.00 | 1.00 | 1.00 | 1.00 25 
26 |C2| 5.39 | 6 24x48 | 4.00 | —— | 3370 | 3980 | 4650 | —— | 0.67 | 0.72 | 0.73 | 26 
27 4.41! | 3 8x16 | 2.67 | 2810 | 3670 | 4250 | 5310 | 0.77 | 0.73 | 0.77 | 0.83 | 27 
28 3.621 | 114 | 6x12 | 4.00 | 3660 | 5040 | 5500 | 6390 | 1.00 | 1.00 | 1.00 | 1.00 28 
29 |C3] 4.41 | 3 12x24 | 4.00 | —— | 8860 | 4490 | 4930 | —— | 0.99 | 0.93 | 0.86 | 29 
30 4.41 | 3 8x16 | 2.67 | 2920 | 3590 | 4380 | 5030 | 0.93 | 0.92 | 0.91 | 0.87 | 30 
31 3.62 | 114 | 6x12 | 4.00 | 3160 | 3920 | 4810 | 5770 | 1.00 | 1.00 | 1.00 | 1.00 | 31 
32 |C4| 3.62 | 144 | 6x12 | 4.00 | 3060 | 3800 | 4760 | 5560 | 1.00 | 1.00 | 1.00 | 1.00 | 32 
83 |C5| 3.00 34 | 6x12 | 8.00 | 3560 | 4500 | 5440 | 6260 | 1.17 | 1.19 | 1.14 | 1.12 | 33 


1Col. b. Nominal coarse aggregate content after wet screening. 


2Lines 13 and 14 and 16 and 17. Strengths identical except Col. h of 14and 17. Probably a clerical 
error in transcription of data. 


3Line 15, B2. 24x48 appears to be repeated in Table 6 as B6, or Table 10 Line 6. 


significant influence on the strengths seems to be indicated by the lack 
of any apparent reduction in strength for any mixture above the 18 in. 
size. Yet the 36 by 72-in. cylinders had a mass 8 times that of 18 by 
36 in. specimens. Moreover the smaller the aggregate the greater 
weakening from the volume changes that accompany size since each 
of the three types of disrupting influences mentioned increases with 
the cement content of the concrete. The 36 by 72-in. cylinders of 114 
in. maximum aggregate of Series II had more than twice the cement 
content of the same size cylinder with 9 in. maximum aggregate. Yet 
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TABLE 10—BASED ON TABLE 6 OF PAPER. TESTS OF SERIES II INCLUDES ALL RESULTS 
FROM CYLINDERS OVER 3 IN. AND MAXIMUM AGGREGATES OVER 34 IN. 


x Crs. Aggr. Cylinder Compr. Str. Str. Ratios Line 
oO. wis 
Line Parts | Max. : Ratio 
ByWt.| Size Size |To Ag. | 7 Day|28Day|90Day| 7 Day|28 Day |90 Day 
a b c d e f g h i j k 
1 Bl 7.05 9 36x72 4.00 | —— | 3090 | 3680 | —— | 0.91 | —— af 
2 B6 6.41 6 a 6.00 | —— |} 3180 | —— } ——| 0.94 | —— 2 
3 B7 4.93 3 a 12.00 | —— } 3310 | —— | ——| 0.98 | —— 3 
4 B8 3.30 1% “4 24.00 | —— | 33880 |} —— | ——] 1.00 | —— 4 
5 Bl 7.05 9 24x48 2.67 | —— | 2900 | 3340 | —— | 0.85 | 0.84 5 
61 B6 6.41 6 a 4.00 | —— | 3020 | 3540 | —— | 0.89 | 0.89 6 
7 B7 4.93 3 ae 8.00 | —— | 3250 | 3910 | —— | 0.96 | 0.98 7 
8 B8 3.30 1% “ 16.00 | —— |} 3400 | 4000 | —— | 1.00 | 1.00 8 
9 Bl 7.05 9 18x36 2.00 | —— |} 3030 | 3300 | —— | 0.91 | 0.86 9 
10 B6 6.41 6 na 3.00 | —— | 3140 | 3510 | —— | 0.95 | 0.91 10 
11 B7 4,93 3 ee 6.00 | —— ! 3300 | 3940 | —— | 0.99 | 1.03 iy 
12 B8 3.30 1% “s 12.00 | —— } 8320 | 3840 | —— |} 1.00 | 1.00 12 
13 B7 4.93 3 12x24 4.00 | 2500 | 3190 | 3990 | 0.98 | 0.89 | 0.89 13 
14 B8 3.30 1% Pe 8.00 | 2540 | 3590 | 4470 | 1.00 | 1.00 | 1.00 14 
15 B7 4.93 3 8x16 2.67 | 2420 | 3470 | 4220 | 0.96 | 0.93 | 0.96 15 
16 Bs 3.30 1% os 5.33 | 2530 | 3730 | 4390 | 1.00 | 1.00 | 1.00 16 
17 B7 4.93 3 6x12 2.00 | 2930 | 3610 | 3960 | 1.02 | 0.89 | 0.88 ile 
18 Bs 3.30 1% S 4.00 | 2880 | 4050 | 4490 | 1.00 | 1.00 | 1.00 18 


1Line 6. B6, 24x48 appears to be same as B2 of Table 5 (or of Table 9 Line 15). 


the 36 by 72 in. specimens with 114 in. aggregate gave strengths that 
averaged slightly higher than those for the 18 by 36 in. specimens. It 
seems safe to conclude therefore that in no instance was volume change 
or cement concentration a significant item in these tests. 


EFFECT OF WET SCREENING ON STRENGTH AND SLUMP 


A restudy of the data (Tables 5 and 9) or a reference to Fig. 23 will 
show that the wet-screened specimens of Series I gave strengths con- 
sistently above those of the specimens separately proportioned. This 
might be due to loss of more moisture than cement in the screening 
process, to grinding or other action from the added working that the 
wet-screened material received, or to some other factor, as yet un- 
recognized. Here is a problem for further study because wet screening 
seems destined to play an increasingly important role in the inspection 


of mass concrete. 

Without challenging the probable validity of Conclusion 16, as 
applied to these tests, there are unquestionably limitations to its 
applicability. A mixture becomes sloppy indeed after the coarse 
aggregate has been extracted and in the writer’s experiences the con- 
crete became increasingly fluid as successive increments of coarse 
aggregate were removed. If the constant slump is due to the action 
of the cobbles in the mixer, as stated in Conclusion No. 17, then it 
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would seem that the cobbles must introduce a considerable grinding 
action that might well account also for the increased strength that the 
wet-screened specimens did possess, the last sentence of Conclusion 
No. 17, to the contrary, notwithstanding. 


From the outline for Series II as given in Table 4 and the descriptive 
text at the bottom of p. 282 it appears that the proportions used for 
mixtures B6-B10 inclusive (Series II reported in Table 6) were selected 
from preliminary wet screening tests on B1, but that all of the speci- 
mens of Series II were from batches weighed out and mixed without 
any wet screening being done on them: Certainly Table 6 gives no 
indication of any wet screening tests’. Nevertheless Fig. 16, 17 and 
18 show plotted strengths from wet screening tests which are referred 
to Table 6. It is important to know, therefore, whether the strengths 
reported in Table 6 do or do not represent actual wet screening tests. 
If they do, more information should be given regarding such factors 
as how the proportions of the wet-screened material were determined. 
If they do not represent results of actual wet screening tests it is in- 
cumbent upon the authors to indicate how they have found it possible 
to present plotted compressive strength results for wet-screened concrete 
that was not wet screened®. Perhaps the authors will, while on the 
subject, indicate more fully the technique by which they were able to 
determine slumps on mixtures that included 3, 6 and 9-in. cobbles 
respectively. Both Tables 5 and 6 report slumps for mixtures which 
contained aggregates of these sizes. 


It is suggested that the legend of Fig. 18 might well be changed to 
read “Effect of Size of Aggregate on the Modulus of Elasticity of 
Concrete.” It will be noted also that Fig. 17 is one of those for which 
“the data were reduced to the 36 by 72-in. cylinder basis.” 

Assuming concurrence in the points raised, reference to size of test 
cylinder may be deleted from Conclusion No. 7. The last sentence of 
Conclusion 17 should be deleted or altered and entire rewording is 
suggested for Conclusion No. 15 in accordance with the previous 
discussion. 

YOUNG’S MODULUS 


Referring to Conclusions 11 and 12, it may be that the tests supply 
more significant evidence on the effect of maximum size of aggregate 


8The facts that definite proportions are given for each mixture instead of a wet screening indicati 

"3 in ene 5, ve ee eaters eres are ey in accord with the constant Walucs aed 
or wet-screened material both lead to the inference that Table 6 contains i i 

sag tees made from etree muterial. seen nak pate ces 

e writer questions also the validity of the “slight adjustments” mentioned at the top of 

285. Are the authors certain that there should not also have been a slight adjustment for Det 
in the wet screening process or for grinding action in the mixer or for other things? Such “‘slight 
adjustments may account for some sizable differences as is the case in those for ‘‘size-of-cylinder 
effect.’ Certainly the ‘slight adjustments’ were “‘least slight’ for the small aggregate mixtures of 
Series II which are so strikingly out of line with the other evidence offered. 
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on the elastic properties of concrete than the authors had realized when 
they phrased Conclusion 11. The data from Table 6, Fig. 5 and also 
Fig. 18 while showing no consistent variation in modulus of elasticity 
with diameter of cylinder (and if the earlier discussion is valid, none 
should be expected), does show a rather definite increase in Young’s 
modulus with increases in the maximum size of coarse aggregate used. 
This trend is the reverse of that for strength. The writer plotted all 
of the reported ultimate strengths against moduli of elasticity as in 
Fig. 11 and found that for each successively larger maximum aggre- 
gate, the ultimate strength was reduced and the stiffness was increased. 
The plotted points fell in rather wide overlapping zones, but there was 
no question about the increased steepness of the mean line for each 
larger maximum size of aggregate. The following explanation seems 
to be reasonable and adequate: 

In all of these tests, as the maximum size of aggregate was increased 
the amount was also increased. The aggregate is stiffer than the 
mortar and the concrete, to an increasing extent, was influenced by the 
stiffness of the aggregate. It must be kept in mind, of course, that the 
modulus of elasticity is an elastic property (measuring stiffness, not 
elasticity) and is measured over a range of loading in which the speci- 
men acts as an elasticunit. 

On the other hand the ultimate strength is not an elastic property. 
The increasing maximum size of aggregate particles progressively 
lowers its ultimate resistance with the result that lines of increasing 
steepness and of decreasing horizontal projection are necessarily 
produced as the maximum size of aggregate increases, other factors 
being constant. 

Generally speaking, Conclusion 12 is correct, and is in accord with 
many published observations, most of which date from the work of 
Walker (9). A tentative qualification might be added to cover the 
secondary reversal in trend that these tests show to be present when 
the combined variable of maximum size and quantity of aggregate is 
present. 

POISSON’S RATIO 


Hearty support is offered for Conclusions 2 and 14 for specimens 
within the writer’s range of direct observation; namely, 2 by 4 in., 
3 by 6 in. and 6 by 12in. cylinders. From a great many tests on many 
different mixtures, both of concretes and their mortars, no consistent 
trend of variation has been discovered for Poisson’s ratio. The results 
of some of these tests have been recorded. (2 p. 484-7; 536). A fair 
average value for Poisson’s ratio for any concrete seems to be 0.19 or 
0.20, with extreme values rarely beyond 0.15 and 0.25, all of which 
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observations are in excellent agreement with the data of this paper. 
All of the data of recent years on Poisson’s ratio for concrete seem to 
indicate that many of the values reported from earlier tests (10 p. 666) 
are too low which probably indicates some loss in the measurement 
of lateral displacement. 


RATIO OF MAXIMUM SIZE OF AGGREGATE TO DIAMETER OF SPECIMEN 


On page 287 an allusion is made to “Past experience, etc.,” as 


establishing the efficacy of the magic factor of 4. While the writer 
concedes that 4 is a good lower limit to set from the standpoint of 
placement, he would, nevertheless, be interested in knowing something 
of the extent to which its selection was actually based upon definite 
information that smaller ratios of diameter to agereenle size produce 
unsatisfactory test results. 

Specifications regularly contain the one-fourth clause (and properly 
so, no doubt) and occasionally one sees in the literature statements 
that “It has been shown to be good practice to limit, etc.,” or ““Tests 
have shown, etc.,” (11 p. 16) but the writer does not recall having seen 
any record of tests designed to cover this point specifically. 


To obtain further information all of the results of this paper were 
plotted with strengths against diameter-aggregate ratios as shown on 
Fig. 29. There is certainly neither evidence of weakening nor of de- 
creasing uniformity. Nor do the curves of Figs. 24, 25 or 26 and 27 
supply such an indication. Of course these results are averages of 
unstated numbers of individual tests, but if there was a serious decrease 
in the uniformity of the individual tests it should show as a weakening 
of the average since there is no reason for upper limits of strength to 
exceed those obtainable under conditions which are presumably more 
favorable. 

Before leaving Fig. 29 it is of interest to digress sufficiently to point 
out the high degree to which it supplies a bird’s-eye view of Series IJ, 
Table 6. The decided upward trend to the left of the curves for 3% 
and 34 in. maximum size of aggregates shows very clearly the evidence 
which, when plotted on Fig. 3 led the authors to their “alleged erron- 
eous conclusion” relative to the effect of size of specimen on strength 
as applied to mass concrete. This same trend reappears at each test 
age and supplies something of the same general cast to Fig. 29 as it 
did to Fig. 3. The figure also shows very clearly the successive stepping 
down in strength at each test age as the maximum size of aggregate 
increases. In pondering Fig. 29 it should be kept in mind that hori- 
zontal readings are ratios and not diameters of cylinders, although 
proportional to them for any one maximum size of aggregate. 
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The following revised wording is suggested for Conclusion 3: 

3. While the ratio of 4 as the lowest permissible limit for the ratio 
of diameter of mold to maximum size of aggregate, is conservative and 
proper, there is no sustained evidence from these tests that values as 
low as 2 produce concrete that is any weaker or less uniform than that 
for ratios ranging from 4 to 48. 


SUMMARY OF DISCUSSION 


1. Question is raised whether the present state of our concrete 
knowledge justifies a definite commitment on the subject of size of 
cylinder vs. strength of concrete. 

2. In the data of these tests there is no evidence of size-of-cylinder 
effect within the range of mass concrete mixtures (aggregate larger 
than 114 in.) or for specimens of ordinary concrete which are more than 
12 in. or at most 18 in. in diameter. (Fig. 22, 24, 25, 26, 27.) 

3. Within the range of mass concrete mixtures these data supply 
consistent indications that the maximum size of aggregate has a 
definite and important influence on the strength of the concrete and 
that for other conditions constant, the strength is reduced as the 
maximum size of aggregate is increased. (Fig. 22, 23, 24, 25, 26, 28 
and Tables 9 and 10.) 

4. Tests of Series II recorded on the last 20 lines of Table 6, which 
fall entirely without the range of mass concrete mixtures, give indica- 
tions of size-of-specimen effect and little indication of size-of-aggregate 
effect.!° Because these indications are out of line, both with the mass 
concrete test portions of the same series and also with the results of 
Series I (see Table 5 and ratios of Table 9) and with records of other 
tests (to some of which references are given) these indications must be 
considered questionable as applied to concretes and mortars within 
any size-of-aggregate range, and certainly they do not constitute a 
proper basis for generalizations or correction factors applicable to 
mass concrete. 

5. From the above it follows that the author’s Conclusions 1 and 4 
are contrary to their own evidence and that Fig. 3 and 4 are invalid 
and misleading. Moreover, Fig. 6, 8, 11, 17 and possibly others have 
been made invalid by virtue of applied “corrections” obtained from 
Fig. 4. 

6. Within the range of 2 by 4 in., 3 by 6 in. and 6 by 12-in. cylinders 
hearty agreement has been found with the authors’ Conclusions 2 and 
14 over a wide range of mixtures, materials and test ages. 
10At the top of page 285 mention is made of “‘slight adjustments” by the addition of ‘‘fine sand and a 


little cement.’’ The validity of these alterations 1s questioned, and they may well account in part for 
some of the ‘‘out-of-line”’ results of these particular tests. 
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7. With the omission of the last clause of Conclusion 7, as an un- 
necessary restriction, agreement is recorded with the rather obvious 
Conclusions 5 and 7. 


8. Study of these and other data seem to indicate that the strength 
of the concrete is not greatly influenced by variations in the amount of 
aggregate used, but that the stiffness (modulus of elasticity) increases 
with the amount of aggregate but is probably independent of the 
grading. This conclusion supplements the authors’ Conclusion 11 and 
introduces a modifying factor of secondary importance to Conclusions 
12 and 13. 


9. Within the size and cement factor range of these tests and for 
the standard curing condition, there is no évidence of reduction in 
strength from volume change effects. 


10. Contrary to Conclusions 15 and 17 the wet screening did seem 
to increase the compressive strength. (See Tables 5 and 9). Reasons 
for this are not apparent, but perhaps the added working in the 
presence of the coarse aggregate introduced significant grinding 
action" that decreased the average size of aggregate particle, thereby 
increasing the strength. This would be in line with the recorded con- 
stant slump as successive sizes were screened out. Experience with 
hand-mixed concretes within the ordinary 1% or 2 in. aggregate range 
show increasing fluidity, as successive sizes are removed, and both 
slumps and strengths that were in excellent agreement with re-propor- 
tioned concretes of the same grading. Further studies of wet-screening 
seem to be desirable. 


11. Question is raised regarding the wet screening tests of Fig. 16, 
17 and 18 which are referred to Table 6 (Series II) in which there were 
presumably no wet screening tests other than preliminary ones to 
determine what proportions of materials should be used. There is 
questioned also the validity of altering the reported proportions of 
Series II by the addition of ‘‘small amounts of fine sand and cement”’ 
as reported at the top of page 285. This may or may not have been a 
disturbing variable. Such attempts to ‘‘make adjustments” do com- 
plicate rather than safely simplify. Question is also raised as to the 
technique employed in obtaining slumps for concretes that contained 
3, 6 and 9-in. cobbles. 


12. While there is nothing but hearty agreement with the practice 
of limiting the maximum size of aggregate to 14 the diameter of the 
specimen, the data of these tests give no indication of added lack of 
uniformity or weakening when this ratio reaches values as high as %. 


The five minute mixing time used increases the possible importance of grinding action. 
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Nor is added strength or uniformity in evidence as the ratio decreases 
to values as small as 1/48. (Fig. 29, 26). 


CLOSING REMARKS 


In spite of the strong exception taken to some of the most important 
of the conclusions reached from these tests, the only disagreement 
with the supporting data lies in a range of small aggregates and 
relatively small specimens. In general the investigation has been so 
well planned and executed that the data secured supply what seems 
to be an adequate basis for conclusions regarding a number of the 
most important questions relating to mass concrete. The experimental 
(as distinguished from interpretational) differences lie entirely within 
the realm of small-aggregate mixtures susceptible of ready checking 
in any competently staffed and normally equipped concrete laboratory. 
The great contribution from these tests has been in the field of large 
cylinders and large aggregates and it is believed that when the results 
secured in this field are permitted to speak for themselves, they will 
stand as a monumental and unimpeachable piece of concrete research, 
a credit to the Bureau of Reclamation and a testimonial to the diligence 
and competence of its staff. 
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AUTHORS’ CLOSURE 
EXPLANATION AND GENERAL COMMENT 


The major part of Prof. Gilkey’s discussion has apparently been 
inspired as a result of: first, a misconception of the term, ‘‘mass con- 
crete,” andthe principal reasons for performing the series of tests 
reported, and second, an erroneous interpretation of the detail data 
presented in Table 6 showing the effect of size of test cylinder on com- 
pressive strength. The authors-assume full responsibility for these 
misunderstandings and deeply regret that the complicated nature of 
the tests precluded a detailed presentation of the methods and pro- 
cedure employed and the complete analyses of data in a paper for 
publication in the Journat. The complete information constitutes 
a volume of no small proportions which is at present in the process of 
perparation for publication in the form of a Government Bulletin. 


Mass concrete as used in the paper under discussion refers to any 
concrete, regardless of the size of aggregate, placed in structures of 
massive proportions. It is true that cobbles up to six or nine inches 
in diameter are usually (not always) used in mass concrete but this 
does not necessarily mean that the terms “large aggregate concrete”’ 
and ‘“‘mass concrete” are synonymous. 


One of the primary purposes of the tests reported was the evaluation 
of the effect of maximum size of aggregate on various properties of 
concrete, as shown by Tables 3 and 5. Obviously, the size of aggregate 
could not be varied without also varying some other conditions which 
were chosen on the basis of practical considerations. In other words, 
water-cement ratio and slump were maintained constant and the mix 
proportions, or cement content, varied accordingly. To further 
maintain constant test conditions, the cement-sand ratios for a given 
set were held the same. It is also obvious that all the mixes included 
in the Series I tests could not be tested in 36- by 72-in. cylinders for 
economic reasons. The last fact necessitated that certain mixes be 
tested in various sizes of cylinder, as indicated in Tables 4 and 6, to 
provide direct experimental factors for converting the test values 
given in Table 5 to a comparable basis, i.e., the same size of test 
specimen. 


The second primary object of the tests was to establish the relation- 
ship between mass concrete containing large aggregate and the same 
concrete after wet-screening to eliminate the larger particles. Con- 
crete containing large aggregate requires large test cylinders while it 
is usually customary, in field control work, to eliminate the cobbles 


255 


Mass Concrete Tests in Large Cylinders 


Nov.-Dec. 1935 


SoBV [VNPIAIPUL JOJ SoN[VA OSBIOAV OY} JO SODVIOAV POPSIOM oI SONTBA OSU] 


SUIBUI4Y oaryepoy pus ‘syysusszg yu ‘soztg Jepur[AD 


9 [QV], WOIF W9e} OOM Sy}SUEIYS Soy, 
eyesolssy Wed Jopinog 


ALAUYONOO JO HLONGULS AAISSHUYMWOO AHL NO HACNITAO LSHL FO AZIS AO LOMAAA—]T]T AIAVL 


9°16 9°28 0°88 0°26 1°86 0°00T FOI 6° 90T GL AQ 9 Ur Seay 
SEL oee a TV 
1°26 g°88 1°28 6°46 g°16 0°00 LOT 0°S0T CSL NSIS) oy NY 
SuUIL 9° 101 0° 001 0°60 0°ZIT 8°FIT v SSL 9°03 OeTAU SI ical 
0°O01 | OLOF | O'GOT | OLEH | F'FIT | OGSF | Z'SIT | OFLF | L°FZT | 000G | F°ZZI | OLOF % ola 
—— | $7301 | OLIF | O°OOT | OL0F | E°6OT | OSFF | O'ETT | OO9F | Z°LIT | O6LF | 6°ZZT | O00G | Z°8IT | ESF M% 6-a 
—— | ZO | 000% | 0°O0T | OFSE | F'9TT | OLFF | E'FIT | OGEF | B°ZZI | OZLF | 9°ZZT | OLLF | —— | —— AL s- 
—— | 2°66 | O16E | 0°00T | OFG6E | E°TOT | OG6E | T°90T | OSTF | S°OOT | 096g | —— | —— rad g LE 
Seed | COR OOM | MOPS Ey | COs OO es NO Te Ne eee ea 9 9- sep 
SITE | 089 | STOT | OvEE | O°OOT | ODEE 6 la 06 
3°06 6°98 0°68 G"16 3°56 0°00T 6°ZOL 8° 601 CACO Reo oA) 
€° 101 1°16 0°00T 8°OL 0° 20T tags L°STT v SSI 9¢ Aq BI °% “2AV 
O°OOT | OFEe | L°SOL | OSSEJ T*8OT | OL9E | E°9OT | OSSE | "LTT | O€6E | O° 9ST | OTZr % ore 
—— | 9°26 | orze | o-00r | ogee | 9:00t | ogee | e-eor | ze | O'TTT | Ooze | 9°6TT | OZOF | 8°OZT | 090F M% 6-a 
STOT | O8ee | H°ZOT | OOFE | O'OOT | OsEE | T°SOT | OGSE | E°STT | OELE | O'ZZI | OSOF | 6°6OT | OS9E | —— | —— “AL 8- 
€°O0L | GTge | $°86 | OSZe | O°OOT | OOEE | 4°96 | OGTE | S*FOT | OSE | F'GOT | OTIE g L-a 
€LOT | O8TE | 3°96 | OBOE | O°O0T | OFTE Fr 9 9-2 sep 
O°ZOT | 0608 | 2°S6 | 006Z | O°O0OT | O80E 5 7 6 I-a 8% 
$68 g°88 0001 6°01 8°01 UL NGG) ay EAS 
= 4°96 | OBES | 1°36 | OLZZ | O'OOT | OOFZ | S°8OT | 009Z | O'OTT | OFZ % O1- 
ee => 6°48 | 096% | 9°06 | O€EZ | O'OOT | O2GZ | SLOT | 009% | 9°TOT | O19Z % 6-a 
== B88 | OFSZ | 8°28 | OBST | 0°O00T | O88z | 8°66 | 0986 | —— | —— “AL 8- Nee 
ase a | SS Os | eh |) Ws || CWO | Oeete g La L 
% “48 % “8 % eis % “48 % “4S % S| % “48 % LS — 
P| Face ea CENT 
‘uy ze 4q ge | “Ulsr Aare | ‘ules sast | ure saet | ‘aret4sas | ‘wersag | ‘wl9 Ade SGT AGN OZ ISRXE TNS ONG SEIN, CEN 


256 JouURNAL oF THE AMERICAN ConcrETE InsTITUTE—Proceedings 


by wet-screening and to test the remaining portion of the mix in 
small, 6- by 12-in. cylinders. Thus it will be seen that the relationship 
sought involved a number of variable factors including size of test 
cylinder, maximum size of aggregate, cement content, and sand- 
gravel ratio. The test data presented in Table 6 evaluate the effect 
of wet-screening under two conditions, i.e., when the resulting con- 
crete is tested in the same size of cylinder as the full mix, and when the 
resulting concrete is tested in various sizes of specimens. Table 5 
includes data for directly comparing full-mix concrete tested in 
appropriate sizes of test specimens and the corresponding wet-screened 
concretes tested in 6- by 12- in. cylinders. 


Briefly summarized, the tests under discussion provide data for 
evaluating the effects of three major variables on various properties 
of concretes: maximum size of aggregate and wet-screening from choice 
and, size of test cylinder from necessity in order to interpret intelli- 
gently the relationships found., The variable factors were extended 
over a sufficient range to establish properly the fundamental trends or 
principles involved and the data obtained led to certain conclusions as 
stated in the original paper, published in the January-February 1935 
issue of the JourNAL. Since that time, confirming and supplementary 
tests have been completed with an entirely different source of aggregate 
and with independent mixes. The original conclusions are well sus- 
tained and additional pertinent and interesting information has been 
obtained as outlined in the following paragraphs. 


EFFECT OF SIZE OF TEST CYLINDER 


A somewhat different analysis of the data presented in Table 6 is 
given in detail in Table 11. All the strengths for each mix have been 
expressed as relative strengths, in per cent, for the various sizes of 
cylinders and only such relative values used to obtain the averages. 
Additional tests made with aggregates from the Grand Coulee dam 
site also furnish a direct comparison of strengths for the same concrete 
in 6- by 12- and 24- by 48-in. cylinders, as shown in Table 12. 


The re-analysis of data from the Boulder Dam tests, the additional 
test results from the Grand Coulee studies and Professor Gilkey’s 
analysis from Figure 22 are all summarized in comparison with the 
original analysis in Table 13. It is most gratifying that the four sets 
of values indicate substantially the same trend and provide ample 
proof af the validity of the curve shown in Figure 4. 

The average values listed in Table 13 as well as the individual 
curves shown in Fig. 3 and 22 indicate that regardless of the size of 
aggregate (34 to 9 in.), approximately the same strengths for a given 


Nov.-Dec. 1935 Mass Concrete Tesis in Large Cylinders 257 


concrete are obtained in 18 by 36, 24 by 48, and 36 by 72-in. cylinders. 
This fact greatly simplifies and reduces the cost of testing mass con- 
crete, as has already been pointed out in previous publications.! 

End restraint has been studied both theoretically and experimentally 
as a possible cause of the lower strengths found in large cylinders. 
However, these studies did not reveal any new relations or any new 
theories that might be accepted as a satisfactory explanation. At pre- 
sent it seems most probable that the reduction is closely related to the 
so-called “‘skin effect,” or differential stresses within the test specimens. 


TABLE 12—EFFECT OF SIZE OF TEST CYLINDER ON THE COMPRESSIVE STRENGTH 
OF CONCRETE 


Mix Ww/C Slump Weight Cement Water palSriniahs tes) 
by Wt. by Wt. in. lb. /c.f. bbl./c.y. | lb./c.y. | 24"x48” | 6"x12” | Ratio 
1:6.75 .66 7% 150.6 1.29 320 2440 2900 0.84 
1:6.86 - 66 10 150.3 1.44 358 2320 2510 0.92 
1:9.40 .67 23% 156.8 1.02 257 2610 2910 0.90 
1:5.86 57 6% 151.7 1.47 315 3240 3660 0.89 
1:5.18 OF 10 150.8 1.60 343 3060 3300 0.93 
1:8.32 58 1% 156.8 1.14 249 3110 3950 0.79 
T6018 -50 44% 151.8 1.63 307 3850 4760 0.81 
1:4.73 -50 7% 151.4 1.74 327 3970 4690 0.85 
1:7.60 -51 34 157.3 1.24 238 3780 4840 0.78 

Average 0.86 


Note: Tests with Grand Coulee Dam aggregate, 114 inch maximum size. 


TABLE 13—SUMMARY OF DATA SHOWING EFFECT OF SIZE OF TEST CYLINDER ON 
THE COMPRESSIVE STRENGTH OF CONCRETE 


Relative Strengths in Various Size Cylinders, Percent 


2"x4" 3”x6” 6x12” | 8”x16” | 12x24” | 18’x36” | 24"x48” | 36’x72" 


Reference 


% of 6"x12” values, 
Table 5 and Fig. 4, 108 106 100 96 92 86 84 84 


Original analysis 


% of 6"x12” values, 


Table 11, New analysis | 107 104 100 94 92 88 88 92 
% of 6"x12” values, 
Table 12, Grand Coulee ae = 100 86 9 
tests 

of 6"x12” values, 
Bee 22, Gilkey’s 107 104 100 95 93 86 87 87 
discussion 


EFFECT OF CEMENT CONTENT AND SAND-GRAVEL RATIO 


As previously mentioned, the original tests with Boulder Dam 
aggregate for both the effect of size of aggregate and wet-screening 
involved variations in cement content and sand-gravel ratios for a 
given water-cement ratio and consistency. Tests with Grand Coulee 
Dam aggregates and the same cement as used in the Boulder Dam 
tests have now been completed and indicate that within the range of 
variation normally encountered in wet-screening or varying size of 


“Mass Concrete for Boulder Dam—Its Development and Characteristics” by Byram W. Steele, 
Engineering News-Record, vol. III, no. 25, p. 739, Dec. 21, 1933. 
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TABLE 14—®FFECT OF CEMENT CONTENT ON COMPRESSIVE STRENGTH AND OTHER 
PROPERTIES OF CONCRETE 


28-Day Str., p.s.i. 

Cement to | Sand to Max. Unit Wt.| Cement | Water — )}-———_ 

Aggregate Gravel W/C | Aggreg. | Slump | Lbs. per | Content | Content 24"x48" | 67x12’ 
by Wt. by Wt. by Wt. In. In. Cu. Ft. |Bbl./c.y.| Lb./c.y. | Cyls. Cyls. 
1:6.75 1:31.25 .66 1% 7% 150.6 1.29 320 2440 2900 
1:5.86 1:1.25 66 1% 10 150.3 1.44 358 2680 2510 
1:5.86 1:1.25 57 1% 6% 5d id 1.47 315 3240 3660 
1:5.18 1:1.25 Oe 1% 10 150.8 1.60 343 3060 3300 
15.18 1:1.25 50 1% 4% 151.8 1.63 307 3850 4760 
1:4.73 1:1.25 50 1% 7% 151.4 1.74 327 3970 4690 
1:10.82 1:2.61 67 6 214 157.3 0.90 228 2460 — 
1:10.50 1:2.61 .67 6 45% HSv 28 0.93 234 2410 —— 
1:9.40 1:2.61 .67 6 7% 157.4 1.02 257 2520 — 
1:9.40 1:2.61 58 6 2144 158.6 1.03 225 3040 — 
1:8.86 1:2.61 -58 6 4% 158.0 1.09 238 3160 —. 
1:8.32 1:2.61 .58 6 7% 158.6 1.15 251 3110 — 
1:8.32 1:2.61 51 6 24% 158.8 1.16 223 3720 — 
1:7 .96 1:2.61 51 6 3% 158.4 1.20 230 3840 —— 
1:7.60 1:2.61 51 6 53% 158.6 1.25 240 3810 


Note: Tests made with Grand Coulee Dam aggregate. 


TABLE 15—EFFECT OF SAND-GRAVEL RATIO AND CEMENT CONTENT ON COMPRES- 
SIVE STRENGTH AND OTHER PROPERTIES OF CONCRETE 


Cement to | Sand to Max. Unit Wt.| Cement | Water |28-Day Str., p.s.i. 
Aggregate Gravel _W/C_ | Aggreg. | Slum Lbs. per | Content | Content -—————___——_ 
by Wt. By Wt. | By Wt. In. In. Cu. Ft. |Bbl./c.y.| Lb./c.y. 24’x48” Cyls. 
1:6.75 1:1.25 . 66 1% 7% 150.6 1.29 320 2440 
1:9.40 1:2.61 .67 1% 2% 156.8 1.02 257 2610 
1:6.75 1:1.25 66 6 734 152.8 1.30 323 2390 
1:9.40 1:2.61 .67 6 7% 157.4 1.02 257 2520 
1:5.86 1:1.25 57 1% 6% 151.7 1.47 315 3240 
1:83.32 1:2.61 .58 1% 1% 156.8 1.14 249 3110 
1:5.86 1:1.25 Oe 6 7% 152.4 1.47 315 3110 
1:8.32 1:2.61 .58 6 4 158.6 Lets, 251 3110 
L:b.18 1:1.25 -50 1% 44 151.8 1.63 307 3850 
1:7.60 1:2.61 ol 1% 34 157.3 1.24 238 3780 
1:5.18 1:1.25 -50 6 7% 153.5 1.65 310 3820 es 
1:7.60 1:2.61 ol 6 5% 158.6 1.25 240 3810 


Note: Tests with Grand Coulee Dam aggregate. 
aggregate that neither cement content nor sand-gravel ratio materially 
affect the compressive strength. The results of the Grand Coulee 
tests are shown in Tables 14 and 15. 

The data presented in Tables 14 and 15 indicate there are no com- 
pensating effects on compressive strength due to varying cement 
content or sand-gravel ratio in concretes containing various maximum 
sizes of aggregate or in wet-screened concrete, as compared with the 
corresponding full mix, provided the water-cement ratio remains 


unchanged. 
EFFECT OF MAXIMUM SIZE OF AGGREGATE 


The analysis of the data from Table 5 showing the effect of maximum 
size of aggregate is given in Table 16. The direct experimental factors 
shown in Table 11 were used for converting the test values listed in 
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Table 16 to a comparable basis, i.e., equivalent strengths in 24- by 
48-in. cylinders. No consistent relationship between maximum size 
of aggregate and compressive strength is found except that the 34-in. 
maximum size mixes gave uniformly higher strengths than the other 
sizes, and the conclusion is drawn that maximum size of aggregate 
has no appreciable effect upon compressive strength for the conditions 
under which these tests were made. 


The above conclusion is substantiated by the results of additional 
tests made with Grand Coulee Dam aggregate as shown in Table 17. 
The data presented in Tables 14 to 17 inclusive indicate that varia- 
tions in compressive strength as a result of varying maximum size 
of aggregate for a given water-cement ratio are of no practical sig- 
nificance regardless of accompanying variations in cement content, 
sand-gravel ratio or consistency. In other words, the only factor 
indicated by these tests as appreciably affecting compressive strength 
is water-cement ratio. It should be borne in mind that the sand 
grading and cement-sand ratio for a given set of tests were maintained 
constant. 


EFFECT OF WET-SCREENING 


From the preceding discussion, the inference is logically drawn 
that wet-screening should not affect the compressive strength as 
compared with the full mix provided both the wet-screened and full- 


TABLE 16—EFFECT OF MAXIMUM SIZE OF AGGREGATE ON COMPRESSIVE STRENGTH 
AND OTHER PROPERTIES OF CONCRETE 


Avg. 28 and 90-Day Strength 

Mix w/C Max. Unit Wt. | Cement | Water ; ; Equiv. 

by Wt. by | Aggreg.| Slump | Lbs. per | Content |Content| Size of p.s.i. Str. in 
Wt. In. In. Cu. Ft. | Bbl./c.y.|Lb./e.y.| Test 24"x48" 

Cyls. Cyls. 

: ; .66 9 3 155.0 0.82 203 | 36’x72" | 2860 | 2730 
1308 3°08 ‘66 6 234 154.5 | 0.87 216 | 24%x48" | 2590 | 2590 
1:3.06:6.62 .66 3 3% 152.8 0.97 241 | 12’x24"| 2840 | 2710 
1:3.06:5.43 :66 1% 2 153.8 1.09 270 6x12" | 2860 | 2440 
1:3.06:4.50 66 84 2 150.3 iby tly 290 6"x12” | 3280 | 2800 
: : 54 9 3 155.6 1.01 205 | 36x72" | 3380 3230 
13.45 re 154 6 31% 155.9 1.07 217 | 24"x48" | 3280 | 3280 
1:2.45:5.30 154 3 3 153.9 1.19 242 | 12"x24" | 3530 3360 
1:2.45:4.35 154 1% 3 154.8 jee} || Bo 6’x12" | 3810 | 3260 
1:2.45:3.60 .54 34 334 152.3 1.44 292 6"x12” | 4240 3620 
: ’ 9 3 156.4 1.20 | 212 | 36’x72"| 4120 3940 
1304 B80 ‘a 6 ee 155.4 1.25 | 221 | 24"x48"| 3680 | 3680 
1:2'04:4.41 147 3 334 153.9 1.40 247 | 12"x24" | 4180 3980 
1:2.04:3.62 147 1% 234 152.7 1.54 | 272 6"x12" | 4280 | 3660 
1:2.04:3.00 “47 34 3 150.3 1.66 293 6"x12" | 4970 | 4250 

Average for each maximum size of aggregate 

: , 9 By 155.7 1.01 207. | 36°x72" | 3450 | 3290 

13 Lows 4 36 6 378 155.3 1.06 218 | 24%x48" | 3180 | 3180 
1:2.52:5.44 56 3 31% 153.5 1.19 243 | 12%x24" | 3520 | 3350 
1:2.52:4.46 ‘56 1 25% 153.8 1.32 271 6’x12" | 3650 3120 
1:2. 52:3.70 "56 ey 234 151.0 1.42 292 6’x12” | 4160 | 3560 


Note: Tests made with Boulder Dam aggregate. 


~ 
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TABLE 17—EFFECT OF MAXIMUM SIZE OF AGGREGATE ON COMPRESSIVE STRENGTH 
AND OTHER PROPERTIES OF CONCRETE 


Cement to | Sand to Max. Unit Wt.| Cement | Water 28-Day Str., 

Aggregate Gravel W/C | Agereg. | Slump | Lbs. per | Content Content |} . p.s.i., 
By Wt. By Wt. | By Wt. In. In. Cu. Ft. |Bbl./c.y.| Lb./c.y. | in 24x48” Cyls. 
1:6.75 1:31.25 .66 14% 7% 150.6 1.29 320 2440 
1:6.75 1:1.25 .66 6 734 152.8 1.30 323 2350 
1:9.40 1:2.61 .67 1% 23% 156.4 1.02 257 2610 
1:9.40 1:2.61 .67 6 7% 157.4 1.02 257 2520 
1:5.86 1:1.25 .o0 1% 6% Gy Lave 1.47 315 3240 
1:5.86 1:1.25 OT 6 73% 152.4 1.47 315 3110 
1:8.32 1:2.61 -58 1% 1% 156.8 1.14 249 3110 
1:8.32 1:2.61 .58 6 74 158.6 1.15 251 3110 
1:5.18 1:1.25 .50 1% 4% 151.8 1.63 307 3850 
1:5.18 1:1.25 .50 6 7% 153.5 1.65 310. 3820 
1:7.60 1:2.61 <ow 1% 34 157.3 1.24 238 3780 
1:7.60 1:2.61 + OL 6 5% 158.6 1.25 240 3810 

Average of 1% 334 154.1 eso 281 3170 
All Tests 6 it 155.6 1.31 283 3120 


Note: Tests with Grand Coulee Dam aggregate. 


mix concretes are tested in 18- by 36-in. or larger cylinders. Further- 
more, the relationship between the strength of full mix concrete con- 
taining large aggregate tested in large cylinders and corresponding 
wet-screened concrete tested in small cylinders should merely show 
the effect of cylinder size. However, the data obtained consistently 
indicate higher strengths for wet-screened concrete than for the full 
mix. 

The analysis of the data from tests of wet-screened concretes shown 
in Table 5 is given in Table 18. As indicated by the average relative 
values, wet-screening the 6- and 9-in. maximum-size mixes to 14 in. 
increased the strength of the concrete about 12 per cent. However, 


TABLE 18—-EFFECT OF WET-SCREENING ON THE COMPRESSIVE STRENGTH OF 


CONCRETE 
Full Mix a Mix Wet-Screened to 14% In. Max. Size 
Max. 28-D 28-p | % of |—Zauivalent Strengths! _ 
Cement W/C | Size | Cyl. Unit Cyl. Unit Full Cyl. % of 
to Agg by Agg.| Size Str. Size Str. Mix Size P.s.i. |Full Mix 
by Wt Wt. In. In. P.s.i. In. Prshic Str. In. Str. 
1:11.87 0.66 9 36x72 2600 6x12 3290 127 36x72 i 2740 105 
1:11.14 0.66 6 24x48 2290 6x12 3120 136 24x48 2640 115 
1: 9.68 0.66 3 12x24 2560 6x12 2790 109 12x24 2540 99 
1: 9.50 0.54 9 36x72 3090 6x12 4050 131 36x72 3380 109 
1: 8.92 0.54 6 24x48 3020 6x12 4060 134 24x48 3420 113 
1: 7.75 0.54 3 12x24 3180 6x12 3520 nh 12x24 3200 100 
LN 92 0.47 9 36x72 3740 6x12 4610 123 36x72 3840 103 
1: 7.43 0.47 6 24x48 3370 6x12 5040 150 24x48 4250 126 
1: 6.45 0.47 3 12x24 3860 6x12 | 3920 102 12x24 3570 92 
Average for 6” and 9” max. size mixes 134 112 


Note: Tests made with Boulder Dam aggregate. 
1The strengths obtained in 6- by 12- in. cylinders were corrected for effect of size of cylinder by the 
factors shown in Tabel 11. 
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wet-screening the 3-in. maximum-size mix produced no change in 
the strengths. Similarly, tests made with Grand Coulee Dam aggre- 
gate, reported in Table 19, show an increase in strength of 9 per cent 


after wet-screening the 6-in. maximum-size mixes to 144 in. maximum 
size. 


TABLE 19—EFFECT OF WET-SCREENING ON THE COMPRESSIVE STRENGTH OF 


CONCRETE 
Full Mix. 6 Inch Max. Size ~ Full Mix Wet-Screened to 14 In. Max. Size 
Cement | W/C Cyl. |28-D Unit Cyl. |28-D Unit] % of Cyl. |28-D Unit| % of 
to Agg. by Size Str. Size Str. Full Mix| Size Str. Full Mix 
by Wt. Wt. In. P.s.i. In. ieee Str. In. Psi Str. 
1:10.82 | 0.67 24x48 2460 24x48 2620 106 6x12 3110 2126) 
1:10.50 | 0.67 24x48 2410 24x48 — — 6x12 3200 133 
1:9.40 | 0.67 24x48 2520 24x48 2680 106 6x12 2900 115 
1:9.40 | 0.58 24x48 3040 24x48 3620 119 6x12 4090 134 
1:8.86 | 0.58 24x48 3160 24x48 — —- 6x12 3940 125 
1:8.32 | 0.58 24x48 3110 24x48 3340 107 6x12 3600 116 
168732) | OF 51 24x48 3720 24x48 3850 104 6x12 4760 128 
1:7.96 0.51 24x48 3840 24x48 — —_ 6x12 4820 126 
1:7.60 0.51 24x48 3810 24x48 4260 112 6x12 5030 132 
Average 109 124 


Note: Tests made with Grand Coulee Dam aggregate. 

Tests made with Boulder Dam aggregate to show the effect of wet-screening the 9-in. maximum- 
size mix to other maximum sizes were made with mixes proportioned equivalent to wet-screening and 
mixed without the cobbles. Strengths and relative strengths of mixes so proportioned are given in 
in Table 20, and similar values from tests with Grand Coulee aggregate for mixes actually wet-screened 
are given in Table 21. 


TABLE 20—STRENGTHS OF MIXES PROPORTIONED EQUIVALENT TO WET-SCREENING 


Average 28 and 90-Day Strengths 


Cement Sand Ww/C Max. 


Mix to Agg. | to Gravel by Agereg. 24x48 In. Cyl. 18x36 In. Cyl. 

by Wt. by Wt. Wt. In. Pai, Relative Psi. Relative 
Full 1:9.5 1:2.88 0.54 9 3120 95.1 3160 95.2 
1:8.86 1:2.62 0.54 6 3280 100.0 3320 100.0 
Proportioned 1:7.39 1:2.00 0.54 3 3580 109.1 3620 109.0 
Equivalent 1:5.74 1:1.35 0.53 1% 3700 112.8 3580 107.8 
To Wet-screening 1:4.39 1:0.75 0.55 34 3690 112.5 3720 112.7 


Note: Tests made with Boulder Dam aggregate. 


TABLE 21—STRENGTHS OF MIXES ACTUALLY WET-SCREENED 


’ 28-Day Unit Strengths 
Cement Sand w/C Max. Size 18x36 In. Cyl. = 
Mix to Agg. to Gravel by Aggreg..§§ |_—————_—___~—__- 
by Wt. by Wt. wt. In. P.8:1.. Relative 

Full 1:9.40 1:2.61 0.58 6 3020 100.0 
Actuall. 17.70 1:1.96 0.58 3 3220 107.0 
SWet-aoresned 1:5.87 1:1. 26 0.58 1% 3380 112.0 
1:4.37 1:0.68 0.58 34 3490 116.0 


Note: Tests made with Grand Coulee Dam aggregate. 


A summary of the data presented fixes the relative strengths of 
full mix and corresponding wet-screened concretes fabricated with 
natural aggregates and cured under standard conditions as follows: 
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6- or 9-in. maximum-size concrete tested in 18- by 36-, 24- by 48-, or 


36- by 72-in. cylinders'i. jae ein eo iene eo eerie 77 per cent 
6- or 9-in. maximum-size concrete wet-screened to 1}4-in. maximum size 

and tested in 18- by 36-, 24- by 48-, or 36- by 72-in. cylinders....... 84 per cent 

and in 6-jby.12-int cylinders\; 4.10 2 ontete te ie ee tern 100 per cent 


In other words, wet-screening concrete containing 6- or 9-in. maxi- 
mum-size aggregate to 114 in. maximum size increases the strength 
some 9 per cent, which, from other data presented, cannot be explained 
on the basis of cement content, size of aggregate or sand-gravel 
ratio. It is possible that the increase resulting with wet-screening is 
a combination effect of several factors, any one of which is too small 
to detect singly. ; 

Data from other tests show that mass curing conditions increase 
the full-mix concrete (fabricated with an average cement) strengths 
about 10 per cent at 28 days. Stated in the terms listed above, this 
means that the full-mix concrete containing 6- or 9-in. aggregate in 
18- by 36-in. or larger cylinders, cured under mass concrete conditions 
and tested at 28 days will yield about 85 per cent of the strength of 
the same concrete after wet-screening to 1)4-in. maximum size and 
tested in 6- by 12-in. cylinders cured under standard conditions. 


CONCLUSION 


The additional studies and data have not changed the conclusions 
presented in the original paper with the exception of No. 15 which 
states that the effect of wet-screening on compressive strength is of 
no appreciable importance. The effect is small but consistent and 
must therefore be recognized. 

It is regretted that space does not permit detailed discussion of the 
individual points raised by Professor Gilkey but it is hoped the addi- 
tional discussion, data and analysis presented herein will serve to 
clarify the major questions involved. 
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Concrete Highways in Germany 

German Cement Association, Berlin, 1935. Reviewed by Incr Lyss. 
A comprehensive booklet on modern concrete highway construction methods in 

Germany. This year’s issue is of particular interest because of the activity in con- 

crete highway construction initiated by the far reaching scheme of the Hitler auto- 

mobile road system for the whole country. Methods of construction including 

mechanical equipment are described. Many excellent pictures. 


Rolled concrete pavements in Victoria, Australia 


M. G. Dempster, (Engineer for Bridges, Country Roads Board, Victoria, Australia), Engineering 
News-Record, Vol. 115, No. 13, Sept. 26, 1985, p. 425-426. Reviewed by N. M. NEwMARKE. 


Excellent results are claimed in the construction of roller compacted concrete 
pavements with mixes as lean as 1 :2.1/2:10. Uniformly high moduli of rupture have 
been obtained from tests of beams cut from the completed pavements. A three mile 
road 30 ft. wide has been successfully constructed. 


Rapid methods of analysis in the cement industry 

F. W. Meter, Zement, No. 34, Aug. 22, 1935, p. 517. Reviewed by Incr LyseE. 
Recent years have seen the development of rapid and accurate methods for the 

determination of the chemical elements in cement. The author discusses methods 

for determining the SiOz, Al,O3 and FeO, and presents examples of the details of 

procedure. The paper should be of considerable interest to all who are engaged in 

the chemical analyses of cement, both in the manufacturing and the research fields. 


English specifications for blast furnace cement 

Zement, No. 39, page 609, Sept. 26, 1935. Reviewed by Inar Lysz. 
Specifications deal with cement made from a mixture of portland cement clinker 

and granulated blast furnace slag—the slag content limited to a maximum of 65 

per cent. The two materials must be ground together to achieve thorough mixing. 

The cement must pass the requirements as to fineness, chemical composition, tensile 

strength (300 and 375 p.s.i. at three and seven days respectively) of mortar, time of 


set, and volume change. 


Monument to General Obregon 
Enrique Ecueacaray, Architect. Pamphlet issued by author Reviewed by C. G. and M. N. Cram. 


A collection of photographs with comments by prominent engineers, architects 
and sculptors on the monument at Obregon, Mexico to General Obregon. The 
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principal feature of the structure is a massive octagonal hollow shaft of rough form- 
finish concrete. The beauty and solemnity created by the simple exterior and 
interior use of concrete warrants the attention of all interested in architectural 
concrete. 


Relation between chemical composition, manufacture, and 


physical properties of portland cements . 
D. Sterner, Zement, No. 31 and 32, Aug. 1 and 8, 1935. Reviewed by Incr Lysz. 


This paper presents the results of the first part of an extensive study of the pro- 
perties of cements of various compositions, a large number of which were produced 
for this study. The chemical analyses as well as the strength results are given for 16 
different cements. The results are given both in tabular and graphical forms and 
discussed with respect to the different variables. 

Electro concrete 
AnpreEAs Reruy, Teknisk Tidskrift, Sept. 28, 1935. Reviewed by INGE Lys. 

About four years ago two Swedish engineers, A. Brund and H. Bohlin published a 
proposal for heating concrete in cold weather by means of electric current. This 
method has been accepted by Soviet Russia as promising winter construction pro- 
cedure and the production schedule for this winter is three times as great as for last 
winter. The method has been studied thoroughly whereby scientific basis of produc- 
tion has resulted. This article, in Swedish, describes the details of procedure and 
shows illustrations of arrangements for construction and of final concrete products. 
Expanded metal for concrete highways 


Water Harrves and ALFRED BrrreER, Die Betonstrasse, No. 9, Sept. 1935, p. 175. 
Reviewed by Inez Lysz. 


The increased interest in concrete roads in Germany has created a demand for more 
information on the comparative merits of different types of shrinkage reinforcement 
used. The investigation discussed in this article was made at the Technical Institute 
of Breslau. A detailed description is given of the materials and methods of con- 
struction of specimens as well as a tabulation of the test results. The authors con- 
clude that on the basis of elongation at first appearance of crack the expanded metal 
was superior to the ordinary reinforcing steel. 


Calcium-ferro-hydrate; a contribution to the hardening 


theory for portland cement 
Heititmuts Horrmann, Bull. 52, Cement Institute of Technical Institute of Berlin, 1935. 
eviewed by INGE Lyss. 


Prof. Hans Kuhl has written a foreword as an introduction for this bulletin which 
contains a report on a thorough study of one of the cement compounds. The report 
gives an excellent review of previous work in the study of calcium-ferro-hydrate and 
presents an extensive bibliography. The experimental work of the author is described 
in detail, both with respect to materials and test, methods, and the results are summar- 
ized in ten conclusions. The bulletin contains 69 pages. 

Grand Coulee Dam 
Engineering News-Record, Vol. 115, No. 5, Aug. 1, 1935, pp. 141-160. Reviewed by N. M. Newmark. 

Seven articles describing the Grand Coulee Dam under construction on the Colum- 
bia River in northern Washington are continued in this issue. The completed dam 
will be three times as big as Boulder Dam, its main function being to provide irri- 
gation water. At present only the base of the future dam is being built. 

The articles give a survey of the entire project and describe construction progress 
to date, the building of the first cofferdam, the plans for making and handling the 
aggregate, and the manner of spoils disposal by means of belt conveyors. 
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Plastic Mortar for cement testing 
G. HarGERMANN, Zement, No. 35, Aug. 29, 1935, p. 529. Reviewed by Inen Lys. 

A discussion of the different methods for testing the quality of cement for concrete. 
Concrete highway construction has brought forth a demand for test of flexural and 
tensile strength as well as compressive strength. The author shows that the relation 
between tensile and compressive strengths of concrete follows approximately the 
formula: 

foe Noe 

where f; and f, represent tensile and compressive strength respectively. This formula 
gives the upper limit of the tensile strength for moist cured concrete. 


Absorption of water by portland cement paste during the 
hardening process 


T. C. Powers, Industrial and Engineering Chemistry, July, 1935, Vol. 27, No. 7, p. 790-794. 
Reviewed by R. N Youna. 


The physical and chemical changes in a mixture of cement and water result in a 
decrease of the total volume. At the same time, however, the dimensions of the 
solid phase or hardened paste may increase. This phenomenon of volume change of 
the water-cement system was studied with relation to chemical composition of the 
cement, water-cement ratio and heat of hydration. The degree of volume change 
is suggested as an index of heat of hydration but a definite relationship was not 
established. 


Unusual concrete roof covers British sports building 
Engineering News-Record, Vol. 115, No. 6, Aug. 8, 1935, p. 196-197. Reviewed by N. M. NEwMARK. 
The reinforced concrete building housing a large swimming pool at Wembley near 
London has walls and roof consisting of a three-hinged arch of 23614 ft. span. The 
spectators galleries and lavatories are built integrally with the roof. The arch ribs, 
spaced on 22 ft. centers, are 9 in. wide and increase in depth from about 6 ft. near the 
crown to 21 ft. at the side walls. The side walls are 2 ft. 9 in. wide and 10 ft. 6 in. 
deep to a point below the gallery connection. The roof and side-wall ribs stick out 
from the buildings like fins. At the crown the ribs are cut away, leaving only hori- 
zontal slabs 6 in. deep and 2 ft. 9 in. wide to pass through to form a quasi hinge. 


The hydraulic equilibrium of calcium-alumina- hydrate 
E. P. von Pornem, Bull. 51, Cement Institute of Technical Institute of Berlin, 1935. 
Reviewed by Incr Lyssz. 

This bulletin, with foreword by the outstanding German cement scientist, Prof. 
Hans Kiihl, reports an investigation at the Cement Institute and deals with previous 
work on the problem as well as with the data obtained by the author. The investiga- 
tion, well planned and carefully executed, contributed much additional information 
on one specific cement compound and should therefore be valuable to everybody 
interested in the chemistry of cement and concrete. Professor Kiihl’s Institute has 
for years contributed greatly to the knowledge of cement and its hydration processes, 
and Mr. Polheim’s report is a timely addition to the many excellent papers which 
have been published by the Institute. 


Portland cement and its possibilities 


R. W. Cartson, Industrial and Engineering Chemistry, Sept., 1935, Vol. 27, No. 9, pp. 1014-1016. 
AUTHOR’s ABSTRACT 


Simple descriptions are given of the changes which take place in limestone and 
clay as they pass through the kiln and grinding mills to produce portland cement, 
and in the cement as it hydrates to produce hardened concrete.. The limited demands 
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made upon concrete by the civil engineer indicate that the strength-giving quality 
of cement can be used only in small measure because of the properties of volume 
change and brittleness in the concrete. The major factors which influence volume 
change of concrete are given, and suggestions are made as to possible methods of 
controlling volume changes. One ot these suggestions is to increase the efficiency of 
the cement so that less can be used per cubic yard of concrete. 


Compressive strength of concrete in flexure and under 
eccentric loading 
AnTon BranpTzAEG, Trondhjem, 1935. Reviewed by Ines LyseE. 
This bulletin, in German, reports an investigation at the Norwegian Institute of 
Technology, of the stress condition at failure of reinforced concrete beams, and 
reinforced concrete columns subjected to eccentric loading. Twenty beams and 
thirteen columns were included. Detailed description is given of materials and 
methods of manufacture and test for the full-sized test specimens, as well as for the 
concrete cubes and cylinders used as control specimens. One of the principal con- 
clusions points out the agreement between computed strength by means of parabolic 
stress distribution and strength of concrete as obtained on cubes. The bulletin 
contains 87 pages with 14 tables and 57 figures. 


Tensile strength of concrete 
A. Gurrmann, Zement, No. 35, Aug. 29, 1935, p. 532. Reviewed by Ines LysE. 
The engineer will generally assume the tensile strength of concrete to range be- 
tween one-tenth and one-twelfth of the compressive strength. To secure more data 
on the relationship between tensile and compressive strengths of concrete, the author 
made a series of tests. The tensile bars had rectangular cross section about four by 
four inches with a length of about three and one-half feet. The results showed a 
great variation in the ratio between tensile and compressive strength and the author 
recommends that test determination should be made wherever high tensile stresses 
are used in the concrete. Relatively high tensile strength may be obtained by the 
selection of the proper cement, the best aggregate using a high mortar content, the 
use of a minimum of mixing water, and the application of moist curing during the 
early hardening period. 


Bridge over Kalix river at Tarendo 
Ivar Hacasom, Betong, No. 3, 1935, p. 100-107. Reviewed by Incr LysBE. 
This article describes the construction of a reinforced concrete bridge, north of the 
Arctic Circle in Sweden and therefore subjected to severe weather conditions. It has 
a span of 125 m. (410 ft.) and consists of two hollow fixed arches from which the road- 
way is suspended. Since the average temperature for the year was only about 20°F, 
high temperature stresses were taken into account in the design. These secondary 
stresses were found to be as much as 60 per cent of the stresses caused by live load. 
The arch sections were designed for maximum compressive stress of 1000 p.».i. and 
minimum compressive stress of 140 p.s.i. The 28 days compressive strength of the 
control cubes was placed at 4600 p.s.i. Four hydraulic jacks with capacity of 100 
tons each were used at the crown of each arch section to produce compression in the 
section before the last portion of the concrete was placed. 


Flexural resistance of shallow concrete beams 


Conver B. McCuttoven, (Oregon Highway Department), Engineering News-Record, Vol. 115, No. 12, 
Sept. 19, 1935, p. 406-407. Reviewed by N. M. Newmark. 


Results are given of tests of 20 shallow reinforced concrete beams, each 24 in. wide, 
10 in. in effective depth, and 1214 ft. between supports, differing in amount of longi- 
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tudinal reinforcement and in the manner of web reinforcement. The yield point of 
the steel averaged about 50,000 p.s.i. and the ultimate strength of the concrete about 
4000 p.s.i. 

Failure of the concrete in compression oceurred only with amounts of longitudinal 
steel greater than 3.7 per cent. The compressive stress computed by the straight line 
formulas with n = 8 averaged about 1.7 times the cylinder strength. These results 
are apparently in conformity with those reported in Proceedings, Amer. Concrete 
Inst., by Slater and Zipprodt, Vol. 16, 1920, p. 120-146, and by Slater and Lyse, Vol. 
26, 1930, p. 831-874, and, as has been pointed out in these papers, are to be expected 
as a direct consequence of the shape of the stress-strain curve for concrete. 


The history of the development of the methods of design of 
reinforced concrete 
A. Muncz, Ingenieria, Vol. 9, No. 1, June 1935, p. 340 Reviewed by C. G. anp M. N. Crarr. 
First article of series on principles of design of reinforced concrete. The historical 
development is traced starting with F. Coignet and Lacroix in 1861 who first recog- 
nized that the addition of steel increased the load carrying capacity of concrete. 
Joseph Monier in 1865 received the first patent for reinforced concrete construction 
and this patent applied to boxes and containers for horticultural applications. 
Later patents by Monier covered pipe and structures and in 1880 a company was 
formed in Berlin to promote construction under his patents. T his organization 
did a great deal of experimental work and developed a good basis for use of rein- 
forced concrete. W. E. Ward built the first concrete house in America in 1872 at 
Port Chester, New York. The work of Koenen, E. Coignet, Klein, Hennebique, 
Ritter, Moersch, Melan, in the development of a rational basis for analysis of rein- 
forced concrete is briefly reviewed. Credit is given to the Joint Committee on 
Conerete and Reinforced Concrete for codification of practice in the United States. 


A study for the preparation of a specification for high-early- 


strength portland cement 


G. Rupert Gausre. Research Paper (RP 839), National Bureau of Standards Journal of Research, 
Vol. 15, Oct. 1935. AvutTHOR’s ABSTRACT 


This paper reports test results to be used as a basis for the preparation of a Federal 
specification for high-early-strength cement. Investigation was made of samples 
of 28 commerical cements representing a wide spread in compound composition, 
fineness, and physical properties. 

Four plastic mortars were studied. Both the tensile and compressive strength 
(2-in. cubes) of each of these mortars varied with the different cements over a con- 
siderable range. The rate of setting was measured by the penetration of 300-g needles, 
one 1 mm in diameter and one 2 mm in diameter, into the mortars contained in a 
Vicat ring. 

Measurements of length changes were made on 6-in. prisms 1 in. square cured 
under four different conditions. 

The requirements for a specification for high-early strength cement are discussed 
and recommendations made for tests to be incorporated in such a specification. 


Acid resistance of cement pipes 
E. Suenson, Bul. No. B15, Danish Engineering Society, Copenhagen, 1935. Reviewed by Inaz LysE. 


This bulletin describes in detail the extensive research studies which for many 
years have been conducted at the Danish Institute of Technology under the able 
direction of Professor Suenson. From investigations on sewer pipes as well as mortar 
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bars which were made, treated, and tested under different conditions, the results 
will be of great assistance to everyone interested in the factors which contribute to 
the disinetgration of concrete. Lack of space prevents the presentation of any of 
the many interesting findings reported in this bulletin, but since a rather complete 
summary is given in English, French, German, as well as in Danish, in which the 
report proper is presented, it is recommended that those interested read this summary. 
The report proper, excluding the foreign summaries, contains 230 pages with 47 
figures and 33 tables. In addition, a complete bibliography of recent important 
papers on durability, permeability, and similar subjects is given. Professor Suenson 
has by this report made an outstanding contribution to the advancement of our 
knowledge of concrete disintegration and he and his assistants should be congratu- 
lated upon the manner in which the work was carried out and the results reported. 


The effect of aggressive solutions upon hardened cement 


A. Srroprorn, Tonindustrie Zeitung, Vol. 59, No. 64, p. 765-8, Aug. 8, 1935. 
Reviewed by A. E. BrIriicz. 


Pulverized samples of hardened specimens of neat cemént (which were made 
porous by admixtures of especially prepared calcium carbide to increase the effective 
surface) were treated with distilled water and solutions of magnesium sulfate (1.25 
per cent) and sodium chloride (10-20 per cent). The filtered solutions and the remain- 
ing residue were analyzed. 

Distilled water has a simple dissolving effect upon the calcium hydroxide of the 
cement. In the case of magnesium sulfate a number of reactions take place aside 
from the calcium oxide going into solution as calcium sulfate and the residue takes 
up more magnesium hydroxide and sulfur trioxide than the amounts which would 
correspond to the dissolved calcium hydroxide. Sodium chloride has a strong dis- 
solving action upon the calcium hydroxide of hardened cement. It dissolves even 
more than a weak magnesium sulfate solution or distilled water. The effect of the 
carbon dioxide of the air or a preliminary treatment of the hardened cement with 
distilled water or sodium chloride solution reduces considerably the effect of aggressive 
solutions upon hardened cement. 


Thermal Effects during the setting of cement 
A. S. Kuern, Le Constructeur de Ciment Arme, V. 17,No. 191, Aug., 1935. Reviewed by P. H. Batrs 
The author briefly discusses the development of heat in concrete due to the reac- 
tion of the cement and water. He then presents the usual formula for determining 
the time required for the concrete to reach a certain temperature based upon an 
observation of the rates of cooling the concrete, the thermal conduction of the 
concrete and its specific heat. He also discusses the work of Woods, Steinour and 
Stark of the Riverside Cement Co., published in the Engineering News Record, Oct. 
6 and 13, 1932, and Apr. 6, 1933. He takes the results the authors have presented 
covering the relation between the heat developed at certain ages and the chemical 
composition and presents two g aphs based upon the relation between the heat 
developed and the percentage of iron oxide, the ratio of silica plus alumina plus iron 
oxide to lime plus magnesia and the ratio of alumina to silica. The graphs show that 
there is little relation between the per cent of iron oxide in the cement and the heat. 
There is a slight trend showing that with less iron oxide the heat is also less. Until 
the heat developed by the cement is greater than 90 calories per gram, the alumina- 
silica ratio is constant, but for heats greater than this the ratio increases rapidly 
with the heat developed. As the ratio of silica plus alumina plus iron oxide to lime 
plus magnesia decreases there is a consistent increase in the amount of heat developed. 
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Australian specification for cast stone 
Concrete Building and Concrete Products, Vol. X, No. 10, Oct. 1935, p. 192-4. 
Reviewed by J. C. Prarson. 


The Standards Association of Australia has issued a standard specification for 
cast stone, which is defined as a “‘pre-cast synthetic building stone manufactured 
with a portland cement base.’ The chief requirements are as follows: 

Minimum average compressive strength at 28 days, or earlier, 5000 p.s.i. 

Average absorption at 28 days, not more than 7 per cent by weight. 

Specimens for compression and absorption tests shall be 2 in. x 2-in. cylinders, or 
2-in. cubes, but so that the test load is applied in a direction perpendicular to the 
bed plane. Three specimens shall be tested for compression, and three for absorp- 
tion, and specimens used for the latter shall not be used for the compressive test. 
One set of specimens for each test shall be made for each lot of 10,000 cu. ft. of cast 
stone or portion thereof. Failure shall be based on average values, and in case of 
failure in either test, six additional specimens shall be required for a retest. Accep- 
tance or rejection shall be based on the average value obtained from the second test. 

The usual procedure is prescribed for making the compression test. The speci- 
mens are to be oven-dry at 215-225° F. when the test is made, and the load applica- 
tion rate shall be 5000 p.s.i. per minute. 

The absorption test is to be made on oven-dry specimens submerged in water 
between 60 and 80° F. for 24 hours. 


Plastic flow of portland cement concrete 


J. R. Suanx, Industrial and Engineering Chemistry, Sept., 1935, Vol. 27, No. 9, pp. 1011-1014. 
Reviewed by R. N. Youna. 


This paper is a study of test data available from investigations at the University 
of California, The Bureau of Building Research in England, and the Ohio State 
University. The phenomenon is discussed and the following equation is proposed 
to indicate the plastic flow property of concrete: 

y = Cr -x 

plastic deformation, inches/inch/pound /square inch 
time, days 
coefficient drawn from tests 

a = a root drawn from tests 
The average value for C computed from the data was 0.130 and for a, 2.9. The 
computed values for y conformed with the observed data fairly well up to the period 
of 1 year, but were too high at later periods. It appears from the data studied that 
the coefficient C for ordinary concrete varies with age according to the following 
equation: 


where 


i] 
x 
C 


_ 0.493 

~ Al/2.5 
where A = age in days at loading, or the time in days from the date of pouring to 
the date when the load is applied. 


Stresses in the steel reinforcement of reinforced concrete 


structures 


R. H. Evans, Structural Engineer (England), V. XIII (New [Series), No. 9, Sept. 1935, pp. 354-369. 
Reviewed by V. P. JENSEN. 


Consideration of time yield of concrete leads to conclusion that secant modulus 
should be used to determine modular ratio n. Beam tests show that for loads below 
working values the rate of increase of steel stress agrees with that calculated so as 
to include resistance of the concrete in tension. The rate changes gradually until, 
at the highest loads, it is about the same as that calculated excluding tension. The 
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steel stress in the region of cracks, as well as the influence of time on the steel stress, 
decreases with increase in the percentage of web reinforcement. 3 

The rate of deflection, as well as the total deflection, exceeds that calculated 
excluded tension. Bent up bars were found effective in reducing deflection. Contact 
stresses as load points and reactions change the shear distributions appreciably 
within the beam. Observed stresses in vertical and diagonal stirrups over 1-inch 
gage lengths rarely exceeded 60 to 70 per cent of those calculated. When vertical 
stirrups were used in conjunction with bars bent up at 45° it was found that the 
vertical stirrups had little effect until the higher loads were reached. 

Tests of reinforced concrete floor slabs in service showed steel stresses and deflec- 
tion to be between those calculated including and excluding tension in the concrete. 
The effect of a uniform floor load was estimated by means of a 9-point loading 
method. 


The possibilities of puzzolanas in mortars and concretes 


Epw. W. Scripture, Jr., (Director, Master Builders Research Laboratories, Cleveland), Engineering 
News-Record, Vol. 115, No. 17, Oct. 24, 1935, p. 563-567. Reviewed by N. M. NEwMarkK. 


The use of puzzolanic admixtures in a number of recent structures, notably in the 
foundations of the Golden Gate and San Francisco-Oakiand bridges, commands 
attention and requires consideration. Puzzolanas are material of natural, treated, 
or artificial origin, possessing constituents which combine with lime at ordinary 
temperatures in the presence of moisture to form insoluble cementitious compounds. 
They are used as an addition to portland cement to react with the free lime originally 
in the cement and that produced by hydration. Their use reduces the solubility of 
cement, and thereby the susceptibility to corrosion and weathering. In certain cases 
workability may be maintained at a reduced water-cement ratio. 

Puzzolanic material of different degrees of activity may be obtained for various 
purposes for use in connection with cements of different properties. It is necessary 
to fit the puzzolana and the cement to the specific purpose. In massive structures 
the reduction of heat evolution can be secured with a low-heat cement and a reactive 
puzzolana or with a puzzolan blend. In structures exposed to sea water, resistance to 
corrosion is attained by use of puzzolana with low-calcium and low-aluminate cement. 
In ordinary building construction the puzzolana must be such that its combination 
with lime takes place within a short time. 

Dr. Scripture’s excellent discussion of what puzzolanas are and the possibilities of 
their use is very timely and thought provoking. 


Behavior of high-early-strength cement concretes and mortars 
under various temperature and humidity conditions 


Louts ScouMAN and Epwarp A. Pisapta. Research Paper (RP 799), National Bureau of Standards 
Journal of Research, Vol. 14, June 1935. AuTHOR’s ABSTRACT 


Data were obtained on the properties of 12 high-early-strength cements, and on 
various mortars and concretes made from them. 

All of the cements gave early strengths higher than those of ordinary portland 
cements. The strength of 1:2:4 concrete with C/W ratio of 1.50 by weight varied 
from 560 to 1,120 p.s.i. at 1 day, and from 1,590 to 2,590 p.s.i. at 8 days. Concrete 
stored during the first 24 hours at 90 and 110° F. was greater in strength than con- 
crete stored at 70° F. Damp-stored specimens gave the highest strengths after 28 
days. Concrete subjected to 300 alternations of freezing and thawing had slightly 
ower strengths than concrete stored 1 yearin the damp room. Freezing and thawing 
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combined with drying and soaking caused severe spalling on mortars and concretes 
made from some of the cements. 

Certain mortar specimens made with the same C/W ratio as concrete cylinders 
were about equal in strength to the cylinders at early ages. 

The heat evolved by the cements was computed from the rise in temperature of 
concrete in an adiabatic calorimeter. At 90 days the heat evolved varied from 104 
to 130 calories per gram of cement. 

No definite relation was found between cement compound composition and strength, 
length changes, or resistance to freezing, thawing, drying, and soaking of mortars 
and concretes. 


Bond resistance of high strength and vibrated concrete. 


W. Fisuer Cassin, The Structural Engineer \(England), Vol, XIII (New Series), No. 8, Aug. 1935, 
p. 322-336. Reviewed by V. P. JENSEN. 


This is an account of an investigation by the author in the Dept. of Theo. and 
Applied Mechanics, Univ. of Illinois, under the direction of Prof. F. E. Richart. 
A series of tests involving 64 pull-out specimens and 16 control cylinders was to 
determine the effect on bond resistance of increasing the compressive strength. 
Another series involving 16 beams and 32 control cylinders was run to discover the 
effect on bond resistance of vibrating concrete immediately after pouring. It is 
concluded that: 

“Vibration of concrete immediately after pouring,” . . when “carried to the 
limit of consolidation, gives great compactness, freedom from voids and a good 
surface.” 

For the usual mixes vibration may be expected to increase the strength from 10 
to 15 per cent. 

“Vibration may be expected to increase bond resistance in both pull-out specimens 
and in beams by 10 to 20 per cent, and if deformed bars are used this increase in 
bond resistance may be three times as great. 

“In beams at working loads there are relatively high bond stresses acting over 
short lengths of the reinforcement. For weaker concretes, this stress may be twice 
the theoretical bond stress, and may approximate to the value of the maximum bond 
resistance shown by pull-out specimens.” 

The advantages of vibration are yet to be reflected in specifications. 


Large concrete pressure pipes 
N. D. Wairman, Civil Engineering, Vol. 5, No. 9, Sept. 1935, p. 553. Reviewed by J. R. SHANK. 

Concrete pressure pipe for siphons are being designed and constructed at Los 
Angeles in sizes up to 12 ft. diameter by 12 ft. long, weighing 40 tons. The special 
features of these pipe are welded sheet metal (No. 8 to 12 U. S. gage) cylindrical 
membranes having welded to the ends very precisely rounded heavier gage metal 
rings. Outside the spigot ring is another ring of special cross-section so shaped as 
to facilitate the placement of lead caulking. The membranes are placed at the 
insides of the pipe walls against the elliptical reinforcement. The concrete at the 
bell end is so shaped that caulking tools may be used. Not more than ¥ in. is 
allowed between the spigot ring and the bell ring, and the finished inside of the pipe 
may not vary by more than 2; in. Openings in the line for manholes, blow-offs, 
and air valves are of cast steel welded to the reinforcement assemblies and to the 
steel cylindrical membrane. 

When a section of pipe is brought into position for erection the lead gasket is 
lightly caulked and the joint outside the rings is filled with mortar. A lean concrete 
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cradle is then placed under the pipe which is allowed to harden after which the back- 
fill is placed. Later, when convenient, the lead gasket is given its final caulking, 
using an 8 pound sledge and the inside recess at the joint is filled with mortar and 
finished smooth and flush with the inside of the pipe. 

A line test is made by filling with water at moderate pressure for a sufficient time 
to have the concrete take its full moisture expansion, after which the test pressure is 
applied from 2 to 48 hours. The leakage is seldom more than 75 gal. per inch of 
diameter per mile per 24 hours. Coefficients of retardation, Cs (Scobey) = 0.370 or 
C,, (Hazen-Williams) = 140, are easily attained. 


Limitations and applications of structural analysis 
Harpy Cross, (Prof. of Structural Engineering, Univ. of Ill.), Engineering News-Record, Vol. 115, 
No. 16, Oct. 17, 1935, pp. 535-537; and No. 17, Oct. 24, 1935, pp. 571-573. 

Reviewed by N. M. NewMark. 

This paper might very well be termed a philosophy of structural analysis, par- 
ticularly of analysis for use in structural design. Essentially the article concerns 
the desirable characteristics of analytical procedures, the fundamental concepts of 
structural analysis, and the interpretation of the results of analysis. 

The author suggests that a method of analysis to.be used in design should fulfill 
certain requirements, namely: It should be easy to learn and easy to remember; it 
should be based on familiar concepts and depend on familiar terminology; it should 
furnish an approximate answer at once, and revise this approximation in about the 
same manner that the designer chooses certain tentative proportions and then revises 
these proportions; and it should be flexible, meaning that it should be able to take 
into account variations in physical properties of the material, so that among other 
things, the designer can investigate the action of the structure up to failure. 

Fundamentally, the stress distribution in a structure must be in equilibrium; the 
strains produced by the stresses must satisfy continuity; and the stresses and strains 
must be in the proper relationship for the material and the conditions obtaining. 

But the most important problem is the interpretation of the analysis. The scheme 
of classification of indeterminate structures presented by Cross (in JouRNAL, Amer. 
Concrete Inst., March-April, 1935, Proceedings, Vol. 31, p. 358-368, and in Proceed- 
ings, Am. Soc. C. E., Oct., 1935, p. 1119-1131) was developed for this purpose. In 
the present paper the classification is very briefly reviewed, and the bearing on design 
is discussed. The significance of overstress and of chance elements are touched upon. 
Professor Cross presents a point of view and a philosophy that are fundamental and 
extremely practical. 


Effect of time yield in concrete upon deformation stresses in 
a reinforced concrete arch bridge 


Wiisur M. Witson and Raupx W. Kuver, Bul. 275, Engineering Experiment Station, Univ. of Ill. 
Reviewed by M. R. RippE.u. 


The investigation was part of a research on reinforced concrete arches conducted 
by the Experiment Station in co6peration with the United States Bureau of Public 
Roads. 


The length of a reinforced concrete arch rib changes (a) because of the immediate 
strain accompanying the application of a load, usually called “rib shortening,” (b) 
because of the time yield in the concrete, (c) b cause of temperature changes, and 
(d) because of the shrinkage in the concrete that takes place as the concrete dries. 


All changes in the length of the rib of an arch with fixed abutments change the 
shape of the rib, thereby producing flexural stresses similar to the flexural stresses 
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that are produced by moving the abutments without changing the length of the rib. 
Since the stress is due to a change in shape and not due to a load, it is a deformation 
stress, and, since the changes, except rib shortening, take place slowly, it would appear 
possible that the time-yield property of the concrete might enable the rib to assume 
its new shape without incurring the stresses that would be produced if the same 
changes in length occurred quickly. 

In view of this possibility, test were made to determine the changes in reactions 
at th springings of an arch due to the shrinkage of the concrete, to the combined 
effect of shrinkage and time yield, to dead load, and to changing the span by an 
amount equivalent to a change in temperature of 100 deg. F. The change in span 
was made in five equal increments, each increment being equivalent to a change of 
20 deg. F., and the changes were made at intervals of approximately 30 days. Read- 
ings were taken just before and after each change in span to determine the immediate 
change in the reactions. Subsequent readings were taken at intervals of approxi- 
mately one week to determine the changes in reactions due to time yield. 


The determination of the free lime in portland cement 


Anton HANSLITSCHEK, Tonindustrie Zeitung, Vol. 59, No. 46, p. 556-8, June 6, 1935. 
Reviewed by A. E. Brrruice. 


After having presented a detailed review of the literature on this subject (Tonin- 
dustrie Zeitung, Vol. 59, No. 9 and 11, p. 110-1, 144-6, Jan. 28, and Feb. 4, 1935), the 
author reports on his own critical studies of the proposed methods of free lime deter- 
minations. The method by Rathke, which uses water-free glycerol and absolute 
alcohol as solvents and subsequent titration with 0.1 N tartaric acid is not suitable 
for scientific tests but may be sufficiently accurate for plant control work. The 
temperature given for complete solution of the sample is too low and the endpoint 
of the titration is not clearly visible. 

Better results were obtained with the method by Jander and Hoffmann who speed 
up the solution by rubbing both the sample and the glycerol with a pestle and appli- 
cation of heat. The titration is carried out in aqueous solution of the filtrate with 
0.1 N hydrochloric acid. The author slightly modified the method and obtained 
excellent results. However, it is too slow for plant practice since the filtration of the 
glycerol takes from 7 to 8 hours. The phenol method worked out by Konarzewski 
and Lukaszewicz and by Jander and Hoffmann did not show any advantages over 
the alcohol-glycerol method. 

In connection with this investigation, the author observed that a cement, the free 
lime content of which had been determined, was perfectly sound while the clinker 
from the same burn, ground with 3 per cent gypsum in a small laboratory mill, did 
not pass the soundness test. The author explains this different behavior by a partial 
hydration of the free lime in the cement to the harmless calcium hydroxide due to 
the effect of atmospheric moisture, water additions and water driven off from the 
gypsum at the relatively high temperatures of the grinding process. In the clinker 
which was protected from the effect of moisture the free lime remained in its dangerous 
form as calcium oxide. 


Laboratory tests of three-span reinforced concrete arch 


bridges with decks on slender piers 


Ww. kK 5, Bul. 270, Engineering Experiment Station, Univ. of Ill. 
Wiisur M. Wison and Rapa LUG u ; LG 9 i 


Bulletin 270 (see also review Bul. 269) covers investigation consisting in tests of 
a three-span arch series on high piers, each span being composed of a rib with span- 
drel columns and a deck. For one structure the deck was a considerable distance 
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above the rib at the crown of the arch; for a second structure the deck was so low 
to be integral with the rib at the crown. Each structure as originally built had no 
expansion joints in the deck, except over the piers. After cach structure had been 
tested expansion joints were cut in the deck near the one-third point of each span, 
and the resulting structure was again tested. The structure with a high deck, both 
with and without intermediate expansion joints, was tested at pier heights of 20 ft., 
15 ft., and 10 ft., respectively; the structure with a low deck was tested at a pier 
height of 20 ft. only. 

Among objects was to obtain the following information relative to the structures 
described: 

(a) The magnitude and position of the thrust due to the design load 

(b) The maximum carrying capacity of the three-span structure 

(c) The effect of intermediate expansion joints in the deck on the load-carrying 
capacity of the structure 

Among the r<sults obtained were the following: 

(a) There was considerable evidence that the dead-load stress in a multiple-span 
structure may exceed the corresponding stress in a similar span having fixed ends. 

(b) The effect of the deck was to reduce the moment at the springing due to the 
load, where it is all resisted by the rib, and to increase the moment over the middle 
of the span, where the deck acts with the rib. 

(ce) A deck without intermediate expansion joints increased the stiffness and the 
moment-resisting capacity of the central part of the structure; intermediate expan- 
sion joints reduced both of these effects. 


Laboratory tests of three-span reinforced concrete atch ribs 


on slender piers. 


Witpur M. Wutson and Rates W. Kuve, Bul. 269, Engineering Experiment Station, Univ. of Ill. 
Reviewed by M. R. R1ippELL. 


Bulletin No. 269 is the first of two dealing with an investigation on multiple-span 
reinforced concrete arch structures. Bul. 269 (see review these pages Bul. 270) 
contains the report of laboratory tests of a single-span arch rib, and also of a struc- 
ture consisting of a three-span series of arch ribs on slender piers; a later bulletin 
contains the report of similar laboratory tests of three-span reinforced concrete arch 
structures with spandrel columns and decks on slender piers. 

The objects of the tests of the single-span arch rib were to try out on a simple 
structure the apparatus that was being built for use in testing the more complicated 
three-span structure; and to determine experimentally the elastic properties of a 
single-span arch rib which was to be used as the basis of comparison in studying the 
effect of the elastic deformation of the piers upon the properties of a three-span arch 
series. The objects of the tests of the three-span structure consisting of a rib without 
deck were to determine the load-carrying capacity of the structure, and to compare 
the values of reactions and strains measured in the laboratory with values of the 
corresponding quantities obtained by the elastic theory, the three-span structure 
consisting of a rib without deck being one which can be analyzed by an all-algebraic 
process. 

As already noted, these tests were followed by corresponding tests of a three-span 
arch series with spandrel columns and deck, a structure that cannot readily be 
analyzed by an all-algebraic process. A comparison of results obtained by algebraic 
analysis with those obtained by tests, whether the two sets of results are in complete 
agreement or not, is helpful in judging of the dependability of the experimental work. 

The investigation included tests to determine 
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(1) reactions at the springings due to movement of the abutments and of the tops 
of the piers, frequently designated the “elastic constants” of the arch; 

(2) influence ordinates for reactions at the springings by applying a unit load suc- 
cessively at various load points; 

(8) vertical deflections of the load points due to movement of the terminals, the 
abutments and pier bases; 

(4) reactions at the springings and strain in the concrete at sections midway 
between the load points due to the design load; and 

(5) ultimate load-carrying capacity of the structure. 


The chemistry of cement and concrete 


E. M. Lea and C. H. Descu. Cloth; 6x9 in.; pp. 429. Photographs, diagrams, tables. Published by 
Edward Arnold & Co., London; and Longmans, Green & Co., New York, N. Y. $9.50. 
Reviewed by P. H. Bartss. 


As the name indicates, this volume is concerned with the chemistry of cement and 
concrete. It devotes no more space to actual plant procedure in making cement or 
job procedure in making concrete, than to insure that the reader will realize something 
of the nature of the manufacturing methods involved. This statement does not 
carry with it the thought that the chemistry is so advanced that only an advanced 
thorough chemist would understand the subject as it is developed. On the contrary 
the authors have taken pains to present clearly, tersely, and adequately the funda- 
mentals of the chemistry involved so that most engineers or enlightened cement mill 
chemists can readily follow the presentation. 

About two-thirds of the book is given over to cement and the remainder to con- 
crete. The portion concerned with cement contains an historical presentation of the 
development of hydraulic cements generally and portland cement in particular, 
followed by chapters on cement components and their phase relations, the cementing 
qualities of the compounds in cements, and the constitution of cement. These 
chapters are of particular interest in that they give the results of the senior author’s 
recent work in the system lime-silica-alumina-iron and the discussions which he has 
very recently given on glass in portland cement. Two following chapters discuss 
manufacturing procedure and the reactions therein; then a chapter on the phenomena 
of setting and hydrating in water and in the presence of solutions of aggressive salts. 

Puzzolana cements, cements from blast furnace slag, alumina or fused cements, 
and a group of “Special” cements are covered in five chapters. These should be of 
extreme interest to readers in the United States in view of the continued wide interest 
in cement of other than the portland type. 

The chapters devoted to concrete cover the nature of aggregates of the various 
types, the resistance of concrete to natural destructive agencies—percolating water, 
frost, fire, and sea and other sulphate waters—and to such other materials as mineral 
and fatty oils, organic acids, sugar, sewage, etc. A final chapter is devoted to “post 
mortems” of concrete failures. 

This volume fills an outstanding void in our literature of cement and concrete. 
There are many fublications covering the making and using of these commodities, 
but in none of them has there been brought together, and collectively and orderly 
discussed, the developments of the last two or three decades in the physical chemistry 
of these materials. Realizing the immense importance of the findings of these re- 
searches, the authors have made their presentation with the background of physics 
and chemistry. Further, the authors realized that a considerable portion of their 
expected readers would not be sufficiently familiar with certain of the fundamentals 
of these subjects to permit of their interpreting and evaluating many of the facts 
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which they would present. Hence, they have given very briefly, simply and ade- 
quately, enough of the basic principles to enable the “nonphysical-chemist” to work 
out from the diagrams presented, if he so cares, such apparently intricate questions 
as the course of crystallization of melts of certain components from any assumed 
temperature. 

Without much question some readers not too familiar with the status of our 
knowledge of what hydraulic cements are and how and why they react with water 
will be disappointed by the lack of positiveness at times or even with apparent con- 
tradictions of the authors. But our knowledge is at times most uncertain and at 
others the results of researches have been contradictory. The authors can hardly 
appear otherwise than uncertain. However, they have presented the best information 
at hand and discussed and evaluated it adequately. 


The work is remarkably free from errors or misprints. Further, as publishers now 
seem to follow the practice of presenting rather shoddy work, both as to print and 
paper, to reduce costs, it is most pleasing to note the excellent quality of paper used 
and the general make-up of the volume. The senior author, F. M. Lea, will be re- 
called by many in this country. He spent a year here (1928-29), mostly in research, 
at the National Bureau of Standards and in travel through the country visiting 
cement plants and places where concrete work of interest was under way. The 
American Concrete Institute had the pleasure of his attendance at its annual meeting 
in Detroit in 1929. 


Both authors and publishers are to be heartily commended for this volume, which 
is unquestionably the best of its kind on the subject. 


In response to a spontaneous demand from Institute mem- 
bers for extra copies of the “Current Reviews’ pages of each 
Journat—to permit clipping up, pasting on cards and filing, 
arrangements have been made to supply to Institute members, 
(on request) in addition to their JourNALs, two extra form proofs 
of “Current Reviews” pages of each issue at $1.50 per volume 
year. If the demand increases sufficiently it may be possible to 
reduce the charge for this extra service. 

Secretary A. C. I. 
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UNIFORMITY OF CONCRETE ON THE AVERAGE JoB—A 
Stupy oF 13,000 Firitp Txrsts* 


BY HUGH C. ROSSt 


MEMBER AMERICAN CONCRETE INSTITUTE 


ALTHOUGH durability and watertightness are important and some- 
times deciding factors in the design of concrete mixtures, strength is 
usually a major requirement and strength tests, whether in compres- 
sion or bending, are almost universally used as a criterion of concrete 
quality. 

Generally, where a strength is specified, the concrete is designed 
from data established by preliminary tests of the materials available. 
The average job strength of the concrete will be in close agreement 
with that of the test data from which it was proportioned, but it is 
reasonable to expect that approximately half of the individual field 
tests making up this average will fall short of the strength require- 
ments unless the mixture is designed for an average strength somewhat 
in excess of that actually specified. 


The margin of strength provided above that actually specified 
might be termed the factor of safety or overdesign for assurance of 
quality, and the amount of overdesign necessary to meet given strength 
requirements depends upon the variability to be expected on the job. 
This has largely been determined by experience or judgment, but with 
the development of the ready-mix industry and the tendency towards 
purchase of concrete on a strength basis, there has been an urgent 
need for data that will serve as a guide in estimating the overdesign 
necessary to provide a satisfactory guarantee of quality. 


Several investigatorst have made valuable contributions to our 
knowledge of the strength variations that occur in the field, but in 
most cases the data have covered comparatively few tests from 
selected jobs. To obtain data more representative of average job 
conditions, an analysis has been made of the 28-day test results from 
60 different job operations. Included in this paper, therefore, are 
data from the developments of the Hydro-Electric Power Commission 

wher SS pet ar ae misarie ee Comenon of Ontario, Toronto. 

+See references appended to paper. 
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of Ontario, several ready-mix plants inthe United States and Canada 
as well as some published test results. In all, the results of about 
13,000 test specimens are represented. 


DEVELOPMENT OF DATA 


Variations in strength tests may be due to quality-changes in the 
concrete resulting from differences in materials, uncorrected varia- 
tions in the moisture content of aggregates, errors in measurement and 
from methods of manipulation during manufacture. They may also 
result from conditions reflecting the amount of care exercised in 
sampling, molding, curing and breaking the test specimens. Some 
factors tend to produce strength variations proportional to the strength 
of the mix but others do not appear to have this proportional effect. 
These factors may occur in a great many combinations, and it is 
difficult to estimate the extent to which any one may be represented 
in a test or group of tests. The purpose of this paper is not to deal 
with these factors individually, but rather to investigate their com- 
bined effect upon the strength results of the average job. 

It is customary to represent variations as percentages of the average, 
the percentage of tests falling within given limits of the average 
strength being used extensively as an index of job uniformity. In 
recent years, however, developments have led to the use of higher 
strength concretes which would make this a rather misleading method 
of rating job uniformity unless the magnitude and frequency of the 
variations are proportional throughout the range of strengths now 
being used. To have a uniform basis of comparison and to determine 
to what extent job uniformity is affected by the strength of concrete, 
the data used in this analysis were grouped under three general classi- 
fications for jobs having average strengths falling within the limits 
1500-2500, 2500-3500, and 3500-4500 p.s.i. respectively. 

In developing the basic data, field tests for each job were plotted 
as a progressive strength chart, a form used by many investigators 
in studying variations. Fig. 1 is a typical chart where the results of 
all specimens for a given job are arranged in order of magnitude with 
the abscissas showing percentages of the total number of tests falling 
below the strength indicated on the vertical axis. This arrangement 
gives a characteristic curve approximately straight in the middle and 
curved at both ends. The curved portions of the chart represent tests 
beyond the range of uniformity while those tests at the curve extrem- 
ities represent abnormal or freak results. In general, the shape of the 
curve is fairly symmetrical about the center with approximately half 
of the specimens falling above and below the average job strength. 
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A chart of this type was drawn for each job and from it were listed 
the percentage of tests falling below the average strength and below 
various strengths higher and lower than the average. Seventeen 
such values were taken from each chart covering 100-lb. increments in 
strengths from 800 lb. below to 800 lb. above the average. These 
values were then weighted according to the number of tests repre- 
sented by each job, and the weighted average values were obtained for 
the three general strength classifications under consideration. 

Table 1 shows the weighted values listed in column 2 under each 
strength classification. Column 3 gives the average amounts that the 
individual jobs departed from these weighted values. For example, 
in the 3000-lb. classification the weighted results of 20 jobs show that 
13 per cent of the tests deviated more than 500 Ib. below the average 
strength or below 2500 lbs., while the mean variation of the 20 jobs 
from this 13 per cent figure was 6 per cent. 


DISCUSSION OF DATA 


In Table 2, the data have been tabulated to show the number of 
tests falling within various percentage limits of the average strength. 
Included in this table is a 5000-lb. classification covering results of 
1450 tests from 12 jobs reported by the University of Texas.* In this 
table it will be noticed that more tests fall within a given percentage 
limit of the average for high strength concretes than for low strength 
concretes. It would therefore appear that the magnitude of the vari- 
ations are not proportional throughout the range of strengths now 
being used and that higher percentage variations may be expected in 
the low strength mixtures. This has also been observed in the labora- 
tory where higher percentage variations are usually experienced in 
7-day tests than in 28-day and 3-month tests molded from the same 
concrete. 

Overdesign of Mixtures—The data in Table 1 show that if no margin 
of strength were provided in designing a specified 3000-lb. concrete, 
about half of the test specimens would fall short of the strength 
requirements; whereas, if the mixture were designed for an average 
strength of 3200 lb., the number of tests below 3000 lb. would be 
reduced to 32.5 per cent. By increasing the amount of overdesign, 
the number of substandard tests would be reduced according to the 
average deviations shown in Table 1. 

In Fig. 2, 3, and 4, the data have been more conveniently arranged 
to show how overdesigning will reduce the number of substandard 


*John A. Focht—‘‘A study of tests of Cylinders taken from Concrete Roads in Texas during 1928,’’ 
University of Texas Bulletin No. 2922. 


280 


JOURNAL OF THE AMERICAN ConcrETE INsTITUTE—Proceedings 


fua2 sed - ub/saps24g 
Or s/ Oo gS 2) 
wbs sad 9/- ub seps21Q 


44327 sad - Ubs/SaPsIIAQ 


' oF 6, or S oz 
: “yp bs tat gf - SOO) 


(cHOIa usaanN) ZDIQ. bP 


(1dG1 Ud)’ T “DI 


yp buai4gs paporpul Mojaq 
oYsaf fo Laquinu /Ejo, jo 4Ua2 Jeg 


pao 2IPUI MO/aq 


SUSOL JO LEQWIOM 74 Of JO 4ULAP~d Bef 


ypbuens 


jee sed - ubisapsP4OC 


OZ ew o/ g 
wi be 42d Gf- UbIeBpsa4g © 


0008 . P2if!272AS 


—F 


eg) 


{buUal{s 


Palsioeds jo ¥ 


ypbuaens Pef¢o2ipyl 
MO/9] S484 JO 4IQUNU [O4{OL JO 4UBILAS 
OO O06 OP OL O09 OF OF OF OF Of 


1 
1 


(0a 


ae 


Is aS J/ OZ9F 44 


ase 


UaILS BODLBAY 


all 


Yphuais p2fp2ipul mo/aq 
S/S2L JO JAQUINU [D404 JO 4U22 48 


o 
Qo 


Li i) 


8 
Rie, 
PA/SEO 


+ 


uw be sed 9/- ysbuadf{s 


Jan.-Feb. 1936 Uniformity of Concrete on the Average Job 281 


TABLE 1—DEVIATIONS FROM AVERAGE STRENGTH FOR THREE CONCRETE 


CLASSIFICATIONS 
Average 2000-lb. Concrete Average 3000-lb. Concrete Average 4000-lb. Concrete 
31 Jobs 20 Jobs 9 Jobs 
2654 Tests 2812 Tests 6003 Tests 

(1) (2) (3) (1) (2) (3) (1) (2) (3) 
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68 | a485) S82 os 485 SEZ os 483 SEZ 
1200 1.0 1:0 2200 4.5 3.5 3200 8.0 4.5 
1300 2.5 2.5 2300 7.0 5.0 3300 11.5 5.5 
1400 6.0 4.5 2400 9.5 5.5 3400 15.5 6.0 
1500 9.0 5.5 2500 13.0 6.0 3500 19.5 LO 
1600 13.5 6.5 2600 18.0 Te) 3600 25.0 8.5 
1700 21.0 6.5 2700 24.0 8.5 3700 31.0 9.0 
1800 30.0 VD) 2800 32.5 7.0 3800 38.0 9.0 
1900 41.0 (fe) 2900 41.5 7.0 3900 46.0 8.0 
2000 52.0 6.5 3000 50.0 a0) 4000 53.5 5.5 
2100 65.5 6.0 3100 61.0 6.5 4100 62.0 4.0 
2200 75.6 5.5 3200 70.5 6.0 4200 70.0 2.5 
2300 82.5 5.5 3300 79.5 5.0 4300 77.0 15 
2400 88.0 5.0 3400 86.0 4.5 4400 82.5 3.5 
2500 92.5 4.5 3500 90.5 4.5 4500 87.0 3.5 
2600 95.0 3.5 3600 93.5 4.5 4600 90.0 3.5 
2700 96.5 3.0 3700 95.5 4.0 4700 92.5 3.0 
2800 98.0 2.5 3800 97.0 3.0 4800 95.0 Pr 


TABLE 2—PERCENTAGE OF TESTS FALLING WITHIN VARIOUS PERCENTAGE 
LIMITS OF AVERAGE STRENGTH 


Per Cent of Tests Within Given Limits of Average Strength 
Limits of Average 

Strength, Average Average Average Average 

Per Cent 2000-lb. 3000-lb. 4000-lb. 5000-lb. 
Concrete Concrete Concrete Concrete 

a= Ys 24.5 28.5 32.0 — 

+ 10% 45.5 55.5 57.5 59.5 

+ 15% 61.5 72.5 74.5 76.0 

+ 20% 74.5 : 84.0 87.0 87.5 

= 25% 83.5 90.5 95.0 — 


tests and what margin of strength should be provided to meet given 
quality requirements. These charts are not intended as specific data 
directly applicable to all job operations, but rather as average values 
derived from past job performances. It should be remembered that 
in some instances the individual jobs varied widely from the average 
values, and that although in some operations less overdesign might 
safely be used, conditions on other jobs might warrant greater over- 
designs than the charts indicate. 

A typical example of the use of the charts might be taken for the 
case of a 2000-lb. concrete where strength tolerances stipulate that 
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not more than 20 per cent of the tests may fall below the specified 
strength and not more than 10 per cent of the tests may fall below 90 
per cent of the specified strength. Referring to Fig 2, it is found that 
a minimum overdesign of 15.1 per cent would be necessary to satisfy 
both of these conditions. 

A tolerance restricting the number of sub-standard tests has been 
included in the “Standard Specifications for Ready-Mixed Concrete’’* 
of the American Society for Testing Materials. This specification 
requires that the average strength be equal to or above the specified 
strength, and that at least 90 per cent of all tests shall be equal to or 
greater than 90 per cent of the specified strength. To meet this 
requirement, the charts show that on the average job it would be 
necessary to overdesign 13.5, 9.3 and 8.5 per cent respectively for the 
three classifications being discussed in this paper... 

Generally speaking, it has been considered good practice to over- 
design mixtures by 15 per cent, a clause to this effect having been 
included in the 1928 Reinforced Concrete Building Regulations and 
Specifications{t and in many city building by-laws. On this basis of 
design, data from jobs investigated in this paper show that the number 
of sub-standard tests for 2000, 3000 and 4000 lb. concrete would be 
21, 15, and 15 per cent respectively, while the number of tests falling 
below a 90 per cent tolerance would be 9, 6, and 3 per cent respectively. 
A uniform percentage overdesign would result in more sub-standard 
tests in the low strength mixture, and therefore if the same tolerance 
were stipulated in each case, a graded percentage overdesign would be 
necessary to satisfy the reauirements. 


The 15 per cent overdesign recommended by the Concrete Building 
Code appears to be adequate for the average job where 3000 and 4000 
Ib. concrete are specified, but the data indicates that a somewhat 
higher overdesign is necessary for 2000-lb. concrete to give equal 
assurance of quality based on a percentage tolerance. A 20 per cent 
overdesign for 2000-lb. concrete, and a 15 per cent overdesign for 
the higher strength mixtures would substantially reduce the number 
of tests ordinarily falling below the specified strength if no overdesign 
were used, and would provide a safe margin of security for the guar- 
antee of quality stipulated in the Standard Specifications for Ready- 
Mixed Concrete. 

In considering strength requirements, cognizance should be taken 
of the fact that some substandard tests do not represent quality 
changes in the concrete. Concrete compression specimens are very 


*A.S, T. M. Serial Designation C 94-35. 
Proceedings, American Concrete Institute, Vol. 24, 1928, p. 795. 
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sensitive to test conditions and due allowance should be made for 
this before passing final judgment on the quality of the mix. 


Testing variations may be segregated into two general classifications, 
normal variations due to testing technique, and abnormal or “‘freak’’ 
variations due to faulty specimens. Normal testing variations are 
usually of comparatively small magnitude. This is indicated by the 
fact that on most well conducted jobs the average deviation between 
companion specimens molded from the same concrete is about five 
per cent or less. Abnormal or “freak” testing variations are rather 
infrequent in their occurrence, but they may result in deviations of 
considerable magnitude. This point should be recognized when con- 
sidering quality requirements based on strength tests. 

Examining Figs. 2, 3, and 4, it will be noticed that the curves fall 
very abruptly at first and then gradually flatten out showing that an 
overdesign beyond economic practicability is needed to ensure that 
all tests be equal to or greater than the specified strength. The engin- 
eer or architect should, therefore, be prepared to accept a certain 
percentage of substandard tests and should make provision for a 
reasonable number of low results due to faulty specimens as they are 
almost inevitable even on the most carefully controlled operations. 

CONCLUSIONS 


The average results of the 60 jobs analyzed show that low strength 
concretes are subject to greater percentage variations than high 
strength concretes and that a greater margin of strength should be 
provided in their design to ensure an equal quarantee of quality based 
on a percentage tolerance. 

Attention is also directed to the fact that it is unreasonable to 
expect, as some engineers do, that all tests for a job be equal to or 
greater than the specified strength. The engineer should be prepared 
to accept a reasonable number of sub-standard tests and should make 
allowance for low values directly traceable to faulty test specimens. 


Although the results of nearly 13,000 tests are represented in this 
analysis, it is not presented as being final or complete. It is hoped 
that similar data from a larger selection of jobs will be added from 
other sources. It is believed, however, that the data will be useful as 
a guide to those confronted with the problem of designing concrete to 
a standard of quality based on strength tests, and that it may serve 
as a reference for comparing the uniformity of job operations. 

This study was made as a part of an investigation conducted by the 
Hydro-Electric Power Commission of Ontario to determine the quality 
of field concrete. Acknowledgment is made of assistance rendered by 
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the National Ready-Mixed Concrete Association in canvassing its 
members for data included in the paper. 
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For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June, 1936. Discussion should 
reach the Secretary by April 1, 1936. 


ConcrETE aT Norris Dam* 


BY I. L, TYLER} 
MEMBER AMERICAN CONCRETE INSTITUTE 


Norris Dam is being built by the Tennessee Valley Authority as 
part of the flood control, navigation and power project now in progress 
in the Tennessee River basin. The dam ison the Clinch River approxi- 
mately 25 miles northwest of Knoxville, Tenn., immediately below 
the mouth of Cove Creek. The reservoir above the dam will impound 
3,600,000 acre feet of water in a lake having two forks each 60 miles 
long. The dam is a concrete gravity structure 1600 ft. long and 254 
ft. in maximum height, with a concrete corewall extending into the 
east abutment. A power house, containing two 66,000 horsepower 
units, is being built at the toe of the dam on the east bank of the 
river. The total amount of concrete in the dam, corewall, power house 
and appurtenant structures will be slightly more than 1,000,000 cu. yds. 


AGGREGATES FOR CONCRETE 


The problem of producing 1,000,000 cu. yds. of concrete, with 
which this paper deals, was complicated by the absence of suitable 
natural aggregate in sufficient quantities within reasonable distance 
of the damsite. However, the entire region consists of a generally 
sound dolomite rock covered, in most places, by a comparatively 
shallow layer of clay soil, and when investigation failed to show the 
presence of natural aggregates consideration was given to the possible 
use of aggregate, including sand, which could be made from this 
abundant material. After careful consideration of the properties of 
the dolomite by engineers of the Authority and extensive tests at 
the Denver laboratories of the U. S. Bureau of Reclamation, a decision 
was reached, which called for quarrying and crushing 2,000,000 tons 
of dolomite rock to furnish aggregate for the estimated 1,000,000 cu. 
yds. of concrete. 

Manufactured aggregate offered an advantage in uniformity over 
natural aggregate, but because of particle shape and poor grading in 


*Received by the Institute Secretary, December 17, 1935, for presentation at the (32nd Annual 
Convention, American Concrete Institute, Chicago, Feb. 25-27, 1936. 
{Concrete Technologist, Tennessee Valley Authority, Norris, Tenn. 
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Fic. 1—F Low SHEET—LARGE AGGREGATE 


the smaller sand sizes a high cement requirement was expected for 
its use in concrete. The aggregate plant for Norris Dam was designed 
to take advantage of the uniformity and to minimize the effect of 
poor particle shape and poor grading in the fine sizes. Provision was 
made for producing six sizes of aggregate. A brief description of the 
quarry and of the coarse aggregate crushing and screening plant 
where four sizes of material are produced will be given. A more de- 
tailed description of the sand plant, producing two sizes of aggregate, 
where the major problems were found, will follow. 

The quarry is 2000 ft. upstream from the west abutment of the 
dam on a side hill approximately parallel to and facing the dam. The 
dolomite lies in nearly horizontal layers 2 to 15 ft. thick, separated in 
most cases by fairly tight seams carrying negligible amounts of clay. 
Except for small amounts of weathered material, the rock is very 
uniform in its physical and chemical properties. Quarry overburden, 
a very tough red clay, was stripped hydraulically as completely as 
possible before the actual quarrying began, but due to a very irregular 
rock surface some overburden was left and was wasted as quarry 
operations progressed. An approximately straight vertical face 1200 
ft. long was developed and extended 250 ft. into the hillside, fur- 
nishing more than half of the required aggregate. The remainder is 
being produced by benching below the original quarry floor in two 28 
ft. lifts. The dolomite is removed from the quarry by light blasting in 
wagon drill holes, loaded into trucks by electric shovels and hauled to 
the primary crusher. 

The flow sheet (Fig. 1) shows sequence of operations in the large 
aggregate crushing and screening plant, and requires little comment. 
The four sizes of aggregate produced are deposited in separate stock 
piles over a concrete reclaiming tunnel. Nominal sizes are cobbles, 
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Fie. 2—FLOW SHEET—SAND PLANT OPERATION 


3 to 6 in.; coarse rock, 114 to 3 in.; medium rock, 34 to 14% in., and 
fine rock 3% to 34 in. No serious problems were found in the aggregate 
plant, except as might be expected in the separation of the fine rock 
from quarry fines. Screen cloth of not less than 34 in. square opening 
was found necessary for obtaining clean screening at this point in 
wet weather. 

The sand plant consists essentially of four hammermills, six vibrat- 
ing screens, two sand washers, one classifier for very fine material and 
the necessary equipment for storing and transporting the various 
materials. It produces two sizes of sand, one finer than 8 mesh and 
the other between 8 mesh and 3¢ in., and delivers them to separate 
storage piles over the reclaiming tunnel previously mentioned. Ham- 
mermills and screens are operated dry, as it was found that wet opera- 
tion greatly increased hammer wear and added moisture control 
difficulties at the mixing plant. The flow sheet (Fig. 2) indicates the 
general scheme of sand plant operation. 

Hammermills were selected for sand production after studying 
workability of sand-cement mortars containing dolomite sand pro- 
duced by several types of equipment. Low cement requirement for a 
given strength, apparently due to particle shape of the hammermill 
product, was a deciding factor. Dolomite breakage curves obtained 
from various types of sand mills showed approximately equal amounts 
of waste in producing sands of similar grading. Hardness of the 
dolomite is such that it may be reduced in hammermills without 
excessive metal wear, although the silica content ranged from 4 to 
7 per cent. 
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As shown on Fig. 1, feed for the sand plant may be obtained from 
any size aggregate except cobbles, providing without waste material 
for sand production under all conditions of coarse aggregate plant 
operation. Surge bins of sufficient capacity for one hour of sand pro- 
duction are provided. Hammermill product is screened by six double 
decked screens having 8 mesh cloth on the lower decks and 7% in. 
cloth on the upper decks. Material through the lower decks is washer 
feed. Reject from the lower deck is coarse sand, part of which is 
stockpiled and the remainder returned to the mills as circulating load. 
All reject from the top deck screens is circulating load. 


Importance of controlling the finer sand sizes required the addition 
to the plant as originally designed of a classifier (noted on the flow 
sheet as ‘‘fines reclaimer’’). Into this apparatus the washer overflows, 
containing large amounts of fines (—100 mesh), are discharged. The 
coarsest fraction of these fines is settled out and returned to the sand 
launder as indicated. Very fine material is overflowed and wasted. 
By varying the amount of circulating load carried through the re- 
claimer and the amount of fresh water added to the system practically 
any desired amount of —100 mesh sand may be retained in the sand 
produced by the washers. Waste is largely undesirable ‘‘slimes’’ finer 
than 325 mesh. The portion retained is fine sand between 325 and 
100 mesh. 


Aggregates are drawn from the stock piles through gates in the roof 
of the reclaiming tunnel. Fine sand, stock piled wet in a long pile, is 
admitted to the tunnel by any one of eight gates equally spaced under 
the sand pile, permitting selection from well drained portions of the 
pile. Two gates are provided for each of the other five sizes. A belt 
conveyor, operating through the length of the reclaiming tunnel, 
removes aggregates one size at a time to a second belt conveyor lead- 
ing to storage bins at the top of the mixing plant structure. A manu- 
ally operated turnhead deflects the conveyor discharge into the proper 
bin. 


CONCRETE PRODUCTION AND PLACING 


Cement is shipped in rebuilt box cars from one of three cement 
mills to an unloading station 414 miles from the dam. It is unloaded 
by portable cement pumps discharging into a 6000-bbl. steel storage 
silo. ‘Transportation from the silo to the dam is by tank trucks of 
65-bbl. capacity each. Trucks are unloaded by gravity into hoppers 
near the mixing plant, from which the cement is pumped to either of 
two 500-bbl. mixing plant bins or into storage in a second 6000-bbl. 
silo nearby. Cement may be pumped from this storage silo to the 
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mixing plant bins by the pumps which are used to fill the silo. The 
total 13,000 bbl. cement storage is sufficient for three days of maximum 
concrete production. 


The mixing plant contains three 3-cu. yd. double cone tilting mixers, 
arranged symmetrically around a conical open bottom discharge 
hopper. The mixers are supported by a reinforced concrete structure. 
The remainder of the plant is carried independently on a structural 
steel framework separated from the mixer support to decrease unde- 
sirable vibration. One set of batchers and one hopper is made to 
serve all of the three mixers by means of a three-position motor driven 
turnhead, which deflects the batched materials through downspouts 
to the charging end of the desired mixer. Water is carried in one spout 
and all other material in a second larger spout. Eight bins, one for 
each size of aggregate and two for cement, are built into the top of 
the structure, providing storage sufficient for 600 cu. yds. of mass 
concrete. Aggregates are batched by individual manually operated 
weigh batchers, provided with dial scales. Duplicate cement batchers, 
with both dial and beam scales for either manual or automatic opera- 
tion, are provided. Water is batched automatically by a displacement 
batcher. Mixer timers with interlocking devices prevent dumping 
of mixers in less than the required 214 minute mixing time. 


Equipment for control and dispatching of concrete is located in a 
small room on the batching floor of the mixing plant overlooking the 
dam. A switchboard permits the dispatcher to light signal lamps, 
attached to movable pointers on the dial faces of the batcher scales. 
The pointers indicate desired weights. Five sets of lights with pointers 
are provided to give five different concrete mixes as desired, without 
resetting of scales pointers. The water batcher is set by the dispatcher 
by means of push buttons. Recording watt meters for each mixer, 
batch counters for each of the five mixes, signal lights showing turn- 
head position and a volt meter indicating moisture content of fine 
sand are included on the switchboard. An electric oven, balances, 
ete., are provided for moisture determinations on aggregates. 

A dispatcher and a plant inspector and the necessary men to do 
the weighing and to operate the mixers, are responsible for control 
and proper disposition of all concrete produced by the plant. Tele- 
phoned orders for concrete for perhaps an hour in advance, requiring 
two or more mixes alternating for different locations in the dam, are 
received and executed without confusion. - 

Uniformity of concrete has been appreciably improved, by use of the 
electrical apparatus for measurement of moisture in fine sand. This 
apparatus, checked frequently by oven dried sand samples, provides 
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means for correcting mixing water for sudden moisture changes in the 
fine sand. The necessary re-setting to the water batcher can usually 
be made before the batch showing change is in the mixer. The elec- 
trical apparatus is used only for moisture indications between deter- 
minations made by oven drying. 


Transfer trains, operating on standard gage track, transport con- 
crete from the mixing plant to 6 cu. yd. cableway buckets spotted 
on a landing platform below the level of the transfer track. Length 
of haul varies between 300 and 750 ft. Each train consists of a gaso- 
line-electric locomotive and a car with two 3-cu. yd. tilting hoppers, 
a central side discharge hopper and a short section of retractable chute 
for directing concrete into the cableway bucket. Remixing during 
discharging through the center hopper appreciably reduces segregation 
of cobbles for normal mixes, and. filling of buckets has little effect on 
segregation except for extremely dry concrete. 


Two 18-ton cableways of 1900-ft. span suspended from movable 
steel towers serve all parts of the dam, spillway apron and power house. 
Each cableway handles one 6-cu. yd. concrete bucket between the 
landing platform and the forms in cycles of 2144 to 5 minutes, depending 
on location of the point of deposit. 


Mass concrete is placed in 5-ft. lifts in construction blocks of 56-ft. 
width and of length equal to dam thickness. Lifts are sloped 5 per 
cent downward toward the upstream face of the dam. Placing of 
concrete is preceded by application of cement-sand mortar 4 to 1 
in. thick thoroughly brushed into the old surface with wire brooms. 
The old concrete surface is dampened before receiving the mortar and 
the mortar is covered by concrete as soon as possible to prevent its 
drying out. In general, concrete placing begins at the upstream face 
and progresses downstream, against the 5 per cent slope. Completed 
portions of a lift placed in this manner may be cleaned without dis- 
turbing concreting operations which may still be in progress farther 
downstream in the same block. 


After a cableway bucket has been lowered to its desired position, 
approximately 2 ft. above the concrete already in place, the gate in 
the bottom is opened by means of compressed air applied through a 
small hose with valve and suitable end fitting to a receptacle on the 
bucket. Opening the valve forces compressed air to cylinders built 
into the bucket which release safety latches and operate the heavy 
dumping mechanism. The bucket is self-closing and self-latching and 
requires no hand manipulation except occasional cleaning of accumu- 
lated concrete which may prevent automatic closing of the bucket. 
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Development of the compressed air dumping apparatus, which was 
accomplished on the job, has greatly increased the speed and safety 
of cableway concrete placing. 

Each 6-cu. yd. pile of concrete is vibrated into place by means of 
internal vibrators driven by three phase electrical power. Surface 
vibrators compact the top surface of each lift. Frequency changers 
with V-belt drives and interchangeable pulleys for obtaining various 
frequencies above the 60 cycles available were installed as part of the 
vibrating equipment with the idea that the highest feasible frequency 
would be used. Beginning with 68 cycles, frequencies have been 
increased by steps to 80 cycles without serious increase in maintenance 
of vibrating equipment. The 80-cycle frequency was adopted and has 
been maintained throughout the job. It is believed that the increase 
in vibrating efficiency due to the change from 60 to 80 cycle power 
(3600 to 4800 vibrations per minute) makes possible the use of 0.05 
bbl. less cement per cubic yard in the mass concrete. 

Particular attention is given to preparation of horizontal construc- 
tion joint surfaces to which following concrete lifts must be bonded. 
The top film (very thin for dry conerete) is removed by a jet of air 
and water forced together through a nozzle and directed against the 
surface. By proper application of the jet at the proper time a clean 
sound surface is obtained without disturbing the partially set mortar 
or loosening the larger rock particles. Material removed by this 
process is washed down the 5 per cent slope and wasted over the 
upstream face of the dam. At least one additional washing is given 
each surface after form and other work for the following lift has been 
completed. No keyways or other form of roughening is provided in 
the horizontal joints. 

Maximum production of the mixing plant under the 214-minute 
mixing time requirement is 180 cu. yds. per hour, and after develop- 
ment of operating technique it has been possible to produce concrete 
at that rate for continued periods. Damp aggregates appreciably 
increase the time required for charging of mixers and reduce the plant 
output. Since development of the compressed air dumping apparatus 
for cableway buckets during the early part of the job, the cableways 
have been able to handle concrete faster than the mixing plant can 
produce it. Under normal full capacity operation 3600 cu. yds. of 
mass concrete were placed during each 23-hour working day and a 
maximum of 4100 cu. yds. were placed in one 24-hour period. 

TECHNICAL DATA 

A field laboratory equipped for routine testing and experimental 

work is located near the mixing plant. Testing equipment and a small 
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office are housed in a one-story temporary building of frame construc- 
tion 24 x 50 ft. Aggregate bins for materials passing each standard 
screen from 200 mesh to 6 in. are provided. Equipment includes a 
small tilting concrete mixer, aggregate screening machine, 300,000 lb. 
testing machine and a 70° F. constant temperature fog foom having 
a storage capacity of 1500 6 x 12 in. test cylinders. Special equipment 
for temperature and strain measurements on laboratory test specimens 
and for use in the dam is provided. 

Standard practice is observed for routine testing, except that con- 
erete is vibrated into cylinder molds by a small internal vibrator. 
Practically no difference in strength between this and the standard 
rodding method has been observed for workable concrete mixes. 
Concrete containing large aggregate is wet screened to 14-in. maxi- 
mum size and tested in 6 x 12-in. cylinders. In compression tests a 
constant rate of loading of 17 p.s.i. per second is used. 

Cement is a modified portland, designated as type B, with 8 per 
cent maximum C;A, C;S between 35 per cent and 55 per cent and 
specific surface between 1600 and 2200 square centimeters per gram 
(by Wagner turbidimeter). Three producers manufacturing cement 
under specifications, including the items mentioned, furnish products 
of uniformly high quality. In the cement received C3;A averages 6 
per cent, C:S varies between the limits of 35 and 55 per cent, and 
fineness is uniform with a specific surface ranging between 1750 and 
1950 sq. em. per gram. Early strengths, particularly for cement 
near the low C;S limit, are somewhat lower than for normal portlands, 
but in all cases have been entirely adequate for construction require- 
ments. No requirement for heat of hydration was included in the 
cement specifications, but temperature rise in the dam and tests by 
the Bureau of Reclamation Laboratories indicate reasonable uni- 
formity, with values ranging between 75 and 85 calories per gram at 
28 days. 

Three general types of concrete are used in the dam. The interior 
portion of the dam contains mass concrete having 0.9 bbl. cement per 
cu. yd., a water cement ratio (w/c) of 0.67 (by weight) and 6 in. 
maximum size aggregate. Mass concrete comprises the bulk of all 
concrete produced. Exposed surfaces of the dam contain ‘face’’ 
concrete, with 1.20 bbl. cement per cu. yd. and w/c of 0.56 for spillway 
surfaces and 1.10 bbl. cement per cu. yd. and w/e of 0.58 for other 
faces, both using 6 in. maximum size aggregate. Concrete for rein- 
forced sections with maximum aggregate sizes of 3 in. or 1% in. and 
1.33 bbl. or 1.50 bbl. cement per cu. yd. uses w/e of 0.55. Mortar 
used to cover construction joint surfaces contains both sizes of sand, 
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2.8 bbl. of cement per cu. yd. and has a water ratio of 0.53. Special 
mixes are used when necessary, but those noted above fit most condi- 
tions encountered. Consistency of the concrete mixes noted varies 
between 3 in. slump for the reinforced concrete and 1 in. slump for the 
mass concrete. Water ratios remain constant, cement and water 
together being varied when necessary to produce required workability. 

As soon as conerete placing in the dam was started it became evident 
that control of aggregate grading was to be of utmost importance from 
both quality and economy standpoints, with particle sizes smaller 
than the 8-mesh standard screen assuming the most importance. The 
breakage curve for dolomite fixed the available amounts of particle 
sizes between 100-mesh and 8-mesh within narrow limits, unless radical 
changes were made in the sand screening plant. Therefore attention 
was directed to the particles finer than 100 mesh. As a result the 
‘eclaimer’” previously described was installed to recover fines in the 
overflow from the sand washers. Uniformity of grading was greatly 
improved and the “slimes,” largely —325 mesh, considered undesir- 
able, could be wasted as before. The amounts of —100 mesh fines were 
raised from 11 to 1714 per cent of the fine sand (from 7 to 12 per cent 
of the —4 mesh sand) the proportion found to give best results in the 
concrete. The change produced a more workable concrete with 
greatly reduced water gain, and finally permitted a reduction of cement 
content in the mass concrete from 1.00 bbl. per cu. yd. to 0.90 bbl. 
per cu. yd. without change in water ratio. The most desirable grading 
of aggregate sizes larger than 8 mesh was determined by close observa- 
tion in the field, the final result aggreeing reasonably well with recent 
grading theories with which it has been compared. Flexibility of the 
aggregate plant permits any reasonable combination of the six aggre- 
gate sizes, so, in general, the most desirable grading is also the most 
economical. Uniformity in fineness of cement eliminates variations in 
concrete workability chargeable to cement. Grading of the combined 
aggregate and mix data for mass concrete are shown on Fig. 3. 

Compressive strengths (28 days and longer) of all mixes are appre- 
ciably higher than might be expected from the water-cement ratios 
employed. Laboratory tests on other aggregates indicate that the 
high strengths are due largely to the dolomite aggregate, though the 
type B cement has been shown to have higher than normal strength 
possibilities with all aggregates. Strengths of mass concrete and face 
concrete mixes, as shown by 6 x 12 in. test cylinders of concrete wet 
screened to 114 in. maximum size, are shown on Fig. 4. Corresponding 
strengths of large cylinders containing the full mixes may be approxi- 
mated by multiplying values shown by eight tenths. 
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One construction block of the dam is being placed using a mixture 
of type B cement and blast furnace slag cement in a proportion of 3 to 1 
(volume measure), 25 per cent of the type B cement used in other parts 
of the dam being replaced by an equal volume of slag cement. The 
two cements are batched at the mixing plant by the separate weigh 
batchers and mixed during the 214 minute period required for all 
concrete. Placing conditions in the block containing the mixture are 
identical with conditions found elsewhere in the dam, and its placing 
schedule is identical with that of one other block in the dam, so excellent 
opportunity for comparisons exist. Investigations of strength, tem- 
perature rise, and other characteristics of concrete in the special block 
are being made for comparison with that in other parts of the dam. 
Durability comparisons may be made in future years by observation 
of exposed surfaces subjected to identical weathering conditions, 
spillway overflow erosion, and any other conditions which may affect 
disintegration of concrete. 

Special measurements in the dam are being made on temperature, 
strain, contraction joint openings and hydraulic uplift. Except for 
temperature measurements, most of such work is still in a preliminary 
stage. Approximately 150 resistance thermometers are located in 
various parts of the dam for determination of temperature rise, rate 
of cooling, average temperatures, etc. A typical time temperature 
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curve for mass concrete in thick sections of the dam is shown on Fig. 5. 
Carlson elastic wire strain meters, located near the foundations of two 
high blocks, were installed to show conditions of strain in this part 
of the structure, with the hope that the results might be of value in 
determining stress distribution at the foundations. Three stations in 
each block are arranged to measure plane strain at right angles to the 
axis of the dam and to give one strain measurement parallel to the axis. 
“No stress’? meters in small recesses nearby are used for comparisons. 


TABLE ]1—AVERAGE STRENGTH OF FIELD MIXED CONCRETE 
November 30, 1935 
Mass Concrete 


Note—All concrete having aggregate larger than 1/4 in. was wet screened through 144-in. square 
opening wire screen. All cylinders are 6 by 12 in. 


Rate of loading—17 lb. per sq. in. per second. . 
Bbl. per : 
cu. yd. 1.00 0.95 0.90 
w/C 0.67 0.67 0.67 
No. Average No. Average No. Average 
Age Cylinder Strength Cylinder Strength Cylinder Strength 
7 days 74 2529 354 2689 228 2695 
14 days 23 3207 185 3599 178 3485 
28 days 68 4047 306 4483 224 4395 
90 days 60 5488 349 5816 238 5739 
6 mo. 23 6073 169 6397 36 6624 
1 yr. 27 6513 56 6790 
Face Concrete 
Bbl. per 
cu. yd. 1.20 1.20 1.20 1.10 
Ww/C 0.60 0.57 0.56 i 0.58 
No. Average No. Average No. ‘j Average Non. Avera 
Age Cylinder | Strength | Cylinder | Strength | Cylinder | Strength | Cylinder Stratoth 
7 days 46 2833 98 3617 33 3432 60 3522 
14 days 21 3810 51 4646 33 4485 57 4426 
28 days 48 4730 82 5500 45 5453 99 5360 
90 days 66 6328 104 7332 43 6801 86 6867 
6 mo. 21 7057 40 7962 
1 yr. 38 7697 
Reinforced Concrete 
Bbl. per 
cu. yd. 1.50 1.33 
Ww/C 0.55 z 0.55 
Max. Age 1% in. a 3 in. 
Age No. Cylinders Average Strength No. Cylinders Average Strength 
7 days 25 3329 19 3262 
14 days 21 4386 13 dase 
28 days 30 5133 22 5493 
90 days 32 6490 18 7053 
6 mo. 
1 yr. 
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Elastic wire joint meters, installed across contraction joints in the 
west portion of the dam, are expected to furnish a history of joint 
openings, which will be of particular value in connection with grouting 
of the joints. Thermometer, strain meter, and joint meter leads are 
brought to permanent terminal boards in inspection galleries for con- 
venience in reading. Uplift cells for measuring hydrostatic head at 
various locations on foundations and throughout the dam are being 
installed, with pipe connections leading to accessible locations in the 
dam. 

Conclusions drawn from construction work and from laboratory 
testing at Norris Dam, which appear to be of particular significance, 
include the following items: 

It has been shown that concrete of exceptional quality may be made 
with crushed dolomite aggregate, including the sand, of proper grada- 
tion. 

The importance of particle size gradation and particle shape in the 
finer sizes of aggregate has been made particularly apparent. 

Uniformly high fineness of cement has proved to be of more than 
usual importance. 

The value of vibration in placing of concrete containing manufac- 
tured aggregates is even more evident than when natural aggregates 
are used. High vibrating speeds are very desirable. 


For such discussion of this paper as may develop readers are re- 
ferred to the JourNAL for May-June, 1936. Discussion should 
reach the Secretary by April 1, 1936. 
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Desianers of concrete mixtures have not generally regarded air as 
one of the regular ingredients of concrete, partly for the reason that its 
determination is more or less uncertain, but mainly, no doubt, because 
the amount of air in plastic mixtures is- assumed to be negligible. 
However, it is a fair question to ask: How much entrained air should 
be considered negligible? Probably most engineers will answer: Not 
over 1 per cent. But 1 per cent of entrained air in a cubic yard is 
.27 cu. ft., and according to the void-cement ratio theory, this has the 
same effect on strength as 2 additional gallons of water. In concretes 
containing from 5 to 7 sacks of cement per cubic yard, 1 per cent of 
air therefore has the effect of increasing the water content by .3 to .4 
gallons per sack. For close design and control this is too large an 
error to be neglected, and it will be seen from some of the tests reported 
herein, that this amount of air, and more, is very likely to be entrained 
in this type of concrete. 


But the question assumes even more importance in the case of 
mortars of the variety commonly used in testing, where upwards of 
3 per cent of air is the rule rather than the exception. In the type of 
mortar now tentatively specified by the A. 8. T. M. for compressive 
strength (C109-34T), the void-cement ratios for 7 standard portland 
cements, all gaged to a w/c of 0.8, were found to vary from 0.96 to 
1.02, indicating air contents from about 5.5 to 7.5 per cent.1. In mor- 
tars of this sort the air content is so great that one would expect it 
to vary with type and fineness of cement, and to some extent with 
manipulation, and one might wonder whether the properties of these 
mortars as indicative of cement quality necessarily reflect those of 
concrete of a corresponding w/c ratio with low air content. A few 

*Received by the Institute Secretary Jan. 10, 1936. 

+Director of Research, Lehigh Portland Cement Co., Allentown, Pa. 

{Testing Engineer, Research Division, Lehigh Portland Cement’ Co. 

. Rie Pe i ae of Committee C-1 on Plastic Mortar Tests. Proc. A. S. T. M., 
(298) 
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data are included in this paper to show the change in air content of 
the standard plastic mortar with change in the type of cement. 

Without over-emphasizing the possible effects of entrained air on 
other desirable properties of concrete, one should not forget that 
shrinkage, absorption, permeability and durability are not benefitted 
by air voids. With reference to shrinkage Carlson? says: ‘‘A further 
effect of the dilution of paste with aggregate will be the entraining of 
air and the production of voids not present in the neat paste. The 
voids not only permit the more ready escape of moisture from the 
mortar or concrete, but they may also permit the paste to shrink more 
freely.” In studies of the permeability of concrete for Boulder Dam, 
Ruettgers, Vidal and Wing* discussed the effect of air voids, which in 
this type of concrete were stated to be 1.1 per cent of the absolute 
volume of the concrete, nearly 10 per cent of the water voids. Whether 
air voids contribute more or less than their proportionate share to 
higher permeability and lower durability may depend upon their size 
and distribution, but one gets the impression that in freezing and thaw- 
ing tests of concrete, and particularly of mortars, some definite 
knowledge should be had of voids, or of void-cement ratios, as well as 
water-cement ratios. 


METHOD AND APPARATUS 


The contribution of the authors to the problem of air determination 
is a comparatively simple and direct method which largely avoids the 
chief sources of error in the prevailing method. In the latter, the 
specific gravities of the concrete ingredients are rarely known with 
sufficient accuracy to warrant the computation for air voids; there is 
also a shrinkage in the absolute volumes of cement and water brought 
about by their chemical reaction, which, even when the specific grav- 
ities are accurately determined, tends to give too low values for the 
computed air content. The proposed method is not inherently new— 
it is merely an adaptation of a pycnometer with certain unique features 
and a procedure which contributes to the accuracy and fool-proofness 
of the determinations. Since the problem consists fundamentally 
in determining the difference between the bulk and absolute volumes 
of a mixture, and since this difference is usually small compared to the 
volumes themselves, it involves the determination of relatively large 
weights with considerable accuracy. An essential piece of equipment 
is therefore a good balance, for which a Troemner No. 80 solution 

2R, W. Carlson. The Chemistry and Physics of Concrete Shrinkage. Proc. A. S. T. M. Vol. 35, Part 
I, 1935, pp. 370-379. 
3Arthur Ruettgers, E. N. Vidal and §. P. Wing. An Investigation of the Permeability of Mass 


Concrete with Particular Reference to Boulder Dam. JournaL American Concrete Inst., Mar.-Apr. 
1935, Proceedings Vol. 31, p. 382-416. 
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THE PYCNOMETER 


Fic. 1—PYcCNOMETER, OR WEIGHING POT, WITH ACCESSORIES 


scale, with a capacity of 20 Kg. and a sensitivity of about .5 g., has 
been found satisfactory. The pycnometer is a cylindrical brass pot 
made of a piece of drawn brass tubing 5 in. in diam. and 1 in. high as 
shown in Fig. 1. The auxiliary equipment consists of a gaging device 
to determine the position of the water level when the pot is filled, 
simply constructed of a piece of plate glass having a 1-in. brass screw 
filed to a sharp point and firmly affixed to the mid point of the plate 
with sealing wax. The pot also has a water-tight cover with a quick 
acting clamp arrangement, as indicated in the figure. 


PROCEDURE 


The method of operating involves making up a batch of mortar or 
concrete, preferably somewhat greater than 0.1 cu. ft. in volume, from 
which, after mixing, a 0.1, cu. ft. measure is filled, say, by the standard 
method of rodding 25 times in 3 layers. The weight of the unit bulk 
volume of the mixture is thus determined. The concrete is then 
returned to the mixing pan, remixed, and a portion of it is scooped into 
the pot, sufficient to fill the latter to a depth of 8 in. or 9 in. The 
weight of this concrete is then determined, and its bulk volume can 
later be computed by comparison with the weight of the concrete in 
the 0.1 c. f. measure. The pot is now filled with water approximately 
to the level of the gage point, the cover clamped on, and the concrete 
thoroughly mixed with the water by first turning the pot end over end, 
and then by rolling back and forth on the edge of a table. A few 
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trials will indicate how much of this turning and rolling is necessary 
to remove completely the air from the mixture, but there is no guess- 
work involved in the process when the final determination is made. 
When the mixture is judged to be entirely freed from air, the pot is 
slowly up-ended, the cover removed and adhering solids washed 
back into the pot by a dash of water from a beeker. Foam must be 
skimmed off the surface of the liquid, but care should be taken that 
no appreciable amount of fine cement or silt is removed with it. The 
pot is now placed on a firm and accurately level table, and the water 
brought to the level of the gage point. This is determined by the 
jump of the meniscus when the gaging device is lowered into place 
without jar. With a little care, the level of the liquid can be determined 
within a few thousandths of a millimeter, or in terms of volume, well 
within .5 cc. of water. When the gaging is completed, the pot is 
cleaned and dried on the exterior, and the weight of pot and contents 
determined. 

To insure that the air is completely removed, the pot is again 
sealed with the cover, and the operation of rolling and redetermining 
the water level is again carried out. If the weight of the system has 
not then increased by more than 1 or 2 grams, the experiment is 
concluded by determining the temperature of the water to about 
0.1° C. If the gain in weight is more than 2 or 3 grams, the rolling 
and regaging should be again repeated. 

The weight of the water to fill the pot follows immediately from the 
total weight as finally determined. The weight of this water divided 
by its density (taken from the Smithsonian or similar tables, corrected 
if necessary by density determinations of the water used) gives its 
volume, and this volume subtracted from the predetermined volume 
of the pot (up to the gage point level) gives the absolute volume of the 
concrete. Finally, the computed bulk volume of the concrete in the 
pot, minus the absolute volume, gives the volume of entrained air, 
which may be expressed as a percengage of the bulk volume. 


TEST DATA 


Determinations of the Volume of Pot and Density of Tap Water. The 
order of accuracy to be expected in the gaging and weighing operations 
is indicated by the data in Table 1. The volume of the pot was deter- 
mined by twenty weighings of distilled water, two on each of 10 
different days. Corresponding to the observed temperatures, the 
densities were taken from the Smithsonian tables, and the volumes 
computed therewith. On the same days twenty weighings were also 
made of the pot full of tap water, and the temperatures noted. After 
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the series was finished and the volume of the pot had been fixed at 
4104, the densities given in Table 1 were computed by dividing the 
weights by this volume. The average density and the average tem- 
perature were then derived, and the density of distilled water at this 
temperature was taken from the tables. In this manner the density 
of the tap water was found to be approximately .0004 greater than 
that of distilled water. In subsequent operations with the pot, in 
which tap water was regularly used, a correction of +.0004 was 
always applied to the values from the tables. 


TABLE 1—MEASUREMENTS OF POT VOLUME AND DENSITY OF TAP WATER 


Volume of Pot, ce. Density of Tap Water Temp. of 
Tap Water, °C. 
i 2 1 % 2 
1 4104.2 4104.2 . 99824 . 99860 20.8 
2 4103.8 4103.9 872 872 19.7 
3 4104.8 4104.3 843 884 20.0 
4 4104.7 4104.2 860 860 20.6 
5 4103.1 4103.1 824 860 20.4 
6 4103.1 4103.1 884 897 19.35 
7 4103.3 4102.8 | 836 848 20.0 
8 4102.4 4101.9 836 836 19.9 
9 4104.3 4104.3 884 872 20.15 
10 4104.1 4105.1 909 897 19.95 
Means 4103.8 4103.7 . 99858 . 99868 20.085 
Avg. 4104 . 9986 20.1 


Density of Distilled Water at 20. 1° C., .9982. 
Correction for Density of Tap Water Ab .0004. 


From the above table it is seen that the individual determinations 
of the pot volume are in most cases within 1 cc. of the average volume. 
It is believed that the larger variations arise from the uncertainty in 
weighing rather than in gaging the liquid level. 


Reproducibility of Air Determinations. The procedure in deter- 
mining entrained air, described in preceding paragraphs, is illustrated 
in Table 2, which gives the full data of check tests on four similar 
batches of concrete. This is the type of concrete used regularly in 
the testing of cements in our laboratory, the characteristics of which 
are as follows: Max. size of aggregate 34 in.; slump 5 in. to 7 in.; net 
water-cement ratio 0.8; cement factor about 6.2 sacks per yard, vary- 
ing slightly with the water requirements of different cements. The 
aggregate grading is given in Fig. 2B, Curve VI. The sequence of 
items in the first column of Table 2 is a time-saving guide for securing 
both observed and computed data, the former being indicated by 
italics, the latter by regular type. 


It will be seen from Table 2 that the repeat determinations of en- 
trained air are in good agreement, and that the computed specific 
gravities are remarkably uniform. It may be stated that the concrete 
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TABLE 2—REPRODUCIBILITY OF AIR DETERMINATIONS IN CONCRETE 


(Weights in grams, Volumes in cc) 


EMIVELON TOU CCTVENN sakcqetuciane exe enter ean cM cole cle eee ere sions 1150 

23 Weight OPUHIUMEWA GONEGALEM 5 mnie) ele cic eee Sete Oey ei sence 2275 

3. Weight of Coarse Aggregate........... +0. ee eevee eres 4225 (Same for all batches) 

4. Weight OUR AVCTS takes Ee ere toe eis ie ithe cbeurae ie craven 680 

5. Weight of Batch, (1) + (2) + (8) + ()........-..-.055 8330 

6. Weight of .1 c. f. Meusure (V =2830) ce). 2 ns... eee 4232.5| 4232.5) 4232.5) 4232.5 
7. Weight of .1 c.f. Measure + Concrete. 10908.5| 10912.0|] 10907.5; 10913.0 

8. Temp. of concrete, “6 Opp are ee 19.9 19.5 19.8 19.8 
GpaWeight.or Concrete, (7) —— (GO) ate osc ete atria i 6676 6679.5| 6675.0] 6680.5 
10. Weight of Pot (CPaenoxneten) micas cesretee elcrete oy stele etsiers) fetes 4440.5) 4440.5! 4440.5] 4440.5 
1B Weight (nj 1D AN OVERS apnea cde cog ao noo DO Os DUAR one 10282 10247 10636.5| 10015 
12. Weight of Pot + Concrete + Water to fill............+-+-+- 11931.5] 11915 12140 11780 
ier OeGy) WiKi, PXOSn Senos nob one cmos 50006 no OOD te AOe7' 19.4 19.3 19.3 
iy Je GI OE wo d0 un ocdm OS Cones Denon apa 5 Goo Umum cas 11931.5| 11914.5| 12140 11779.5 
ty WG lasts won Nee Oo ane Bue oao UE acorn oo uo.do06 

16. Temp. of Water. .......-...002 neers 19.8 19.6 19.5 19.5 
lea DYDSOUEY? WO Ps a5 oan e obo cused Bo Opa ooD Coban aor OOK . 9987 . 9987 - 9987 . 9987 
18. Weight of Concrete, (11) =O)... 2. ea eee anes 5841.5| 5805.6] 6196 5574.5 
19. Weight of Water, (14) — (11) or (Gis) ) —=3(6 GW got n eas ocr 1649.5| 1667.5) 1503.5| 1764.5 
20. Volume of Water, (19) = (17)... - 2.52. eens ce eee ese 1651.6| 1669.7] 1505.5) 1766.8 
Tie Webra ots 5.55 ognd odo ad ton emoo Dede arn mcn not OG 4104 4104 4104 4104 
22. Abs. volume of concrete, (21) — (20)..........- ses eee 2452.4| 2434.3) 2598.5] 2337.2 
23. Bulk volume of concrete, (V) X (18) + (9).....-..-5-- 2476.2| 2460.1) 2626.9} 2361.5 
OA Wolume ote Ain (23)! (22) Fao wi-eineriss ciets scie « eimieiereas 23.8 25.8 28.4 24.3 
95. Per Cent Air, 100 X (24) = (28)...... ces e eee eee ees 0.96 1.05 1.08 1.03 
26. Absolute Specific Gravity of Concrete, (18) = (OD) iirte cia 2.382 2.385 2.384 2.385 
27. Bulk Specific Gravity of Concrete, (9) + (WA) 60 neecotecte 2.359 2.360 2.359 2.361 


in these tests, and in all others reported in this paper, was very thor- 
oughly puddled into the 0.1 cu. ft. measure to eliminate, in so far as 
possible, entrapped air that otherwise might be present from careless 
placing. 


Effect of Size and Grading of Aggregate on Air Content. Four tests 
illustrating the effect of aggregate size and grading on air content of 
mixtures made of the same cement, and at approximately the same 
slump and water-cement ratio, are reported in Table 3. The same 
general type of aggregate grading was used in the first three tests, but 
the maximum sizes were 3% in., 34 in., and 11% in., respectively. In 
the fourth test, the maximum size of aggregate was 34 in. with a gap 
grading. These gradings are shown in Fig. 2A. 


Table 3 illustrates the usual method of computing concrete quan- 
tities from experimental batches, all the data being secured from the 
air determinations made as indicated in Table 2. Attention is called 
(1) to the very considerable reduction in cement factor and air voids 
as the size of aggregate is increased without materially changing the 
type of grading, (2) toa marked reduction in air voids by the substitu- 
tion of a gap grading for the continuous grading in the 3¢ in. max. size. 


Effect of Reducing the Cement Factor on Air Content. Table 4 gives 
the data of 5 concrete mixtures designed with the same quantity and 
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TABLE 3—DATA OF FOUR CONCRETE MIXTURES WITH DIFFERENT SIZES AND GRADINGS 


OF AGGREGATE 


IMaxe Sizes of Agores at cantar terrier Tanita nanan ere 34" 34" 14” 3" 
Batch Quantities 
Weightof Cement (ba) Ac utenee otreseincis horse elena nerel ener enen Ieee 3.36 2.76 2.43 2.76 
Weight of Kine, Ageregaterdby)inn assests ciate iene ete 9.66 7.28 5.69 3.86 
Weight of; Coarse Aeerecate: (Ib: nasa no ecient ere mele SO” 5.95 7.54 7.16 
Weight ofs Water. (ba)cai is cctiassnewter vate wl checenstens meus cual tema recs 1.92 1.60 1.42 1.58 
Weightof Bate (lbs) drier nrociye.e oaisioe a sics-see in ocean ae 18.51 17.59 17.08 15.36 
Weight.of -Iicusit.,of concrete (lb) sranos corer eae en 14.19 14.57 14.79 14.46 
Vol. of Batch Gu Eb) aaee erin : Pe are nine Ac . 1304 . 1207 .1155 . 1062 
Batcher' per Vard=.0 5 sew hoc oemeuen een osvocnm eleatelenn ie eter 207.1 225.4 233.8 254.2 
Quantities per cu. yd. 
Cement pericu. yde(bs)n asses ae etenetele arouse inthe te inne areca 696 617 568 702 
Cement pericu. Wd 5 (Sacks)ica ssuaenie coc ose ane nroer eT 7.40 6.56 6.04 7.47 
Aggregate (ba). Sai ease cteieenns ora nannacokenaimiel suet cata ranere 2740 2960 3093 2801 
Total Water pericus yds ((Ib.ue cco hots) one la earon tee 398 358 332 402 
Net: Water per cut, yoiui(lb.)) pcremiscne Gusts. octaaton nv sininbeenels cor ayeeitere 371 328 301 374 
Net Wateriper:cus yidei(galh)eleacsues mecmeeataee coterie eres 44.5 39.4 36.1 44.9 
Water-Cement; Ratio (gal. /sack)2 6... 0. erase toon eters 6.014 6.01 5.98 6.01 
Air Content; Per’ Cent auarceecs c.sncan ecm « bee ie oie a ere ame neers 2.8 1.65 1.25 1.3 


grading of aggregate to have the same slump, but water-cement ratios 
varying from 4.5 to 8 gal. per sack. This of course provides a range of 
mixtures from rich to lean. The aggregate grading is that referred to 
previously as our regular laboratory grading (Fig. 2B, Curve VI). As 
in the case of Table 3, all the data are derived from the procedure for 
determining air content. 


TABLE 4—-EFFECT OF CEMENT CONTENT 


Nominal Gallons*perisackemaetie sheen cere 4.5 §.25 6 7 
Parts by Weight : Cement to Aggregate........... Le S26) Sa 291 = 5 OS 816 0 ediesaa rss 
Weight ot iCementi(lb:)iacertt cre eee eee 4.06 3.09 2.60 2.10 1.79 
Weightiof Aggregate (ib!) aaa we nce circ tere | 13.23 S78} 13.23 13.23 13.23 
Weight rofswdter (bs) ipuaasnn tec omen eee 1.75 1.58 1553 1.44 1.41 
Weight. of Batch (bane sca cae teen teen: 19.04 17.90 17.36 16.77 16.43 
Weight of. ¢, £..of concrete) (Ib.). 22.050. ae ees es 14.78 14.81 14.75 14.71 14.67 
Volvot Batch (cuscits)c ome suet neon er meen cancer . 1288 . 1209 EUG LAP .1140 .1120 
Batches per cus yaar. sac een este een aa 209.6 223.0 29.4 236.8 241.1 
Quantities per cu. yd. 
Comment bier c. seaiea tetas COOP 851 690 596 497 432 
INC OER ADEM le) ete tec coe eee one eet eee 2773 2954 3035 3133 3190 
BbOrN by)) Fea teu tec ts senene eS oC OR OR Yorn 367 353 351 341 340 
Weightiperi@an yd (Ib) ite sccccas eerie eee 3991 3997 3982 3971 3962 
Cement (sacks). heie pcre aninseh tn eiee ile ea oe 9.05 Te 6.34 5.29 4.60 
Net:'Wiater:(2als) sn aeatnererre.o cate oe eer etter rine: 40.7 38.8 38.5 37.2 37.0 
Gal’ per sackincss cns.on an ORE erate aca seer eRe 4.50 5.29 6.07 7.03 8.04 
Per'Gent Att, s- J actands nce een soT Me 1.0 .95 .85 1.05 1,25 


The comparatively small variation in the air voids of the above 
mixtures was quite unexpected, as we had anticipated a gradually 
increasing air content from rich to lean. This is probably to be 
explained in part by the fact that no change was made in the aggregate 
grading, and the aggregate is too fine for the richer mixes. The 4.5 gal. 
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Fig. 24 (LEFT) Fic. 2B (RIGHT)—GRADINGS OF AGGREGATES 
USED IN TESTS FOR AIR 


mix, and to a less noticeable extent, the 5.25 gal. mix, contain an 
excess of fine mortar in which air is readily entrapped and difficult to 
remove. Consequently these mixtures, as placed in the 0.1 cu. ft. 
measure, have slightly higher air content than the 6 gal. mix. But 
even in the 8 gal. mix, computation of the absolute volumes shows that 
the paste content is greater than the sand content, and that the mortar 
content is greater than the coarse aggregate content. Under these 
conditions the interspace in the sand and in the coarse aggregate would 
each have to be well above 50 per cent before entrained air could be 
expected to be present in considerable quantity. 


These observations and others suggest that entrained air is pri- 
marily a matter of voids or interspace between particles of any group 
size, which can generally be kept low enough to be filled by the finer 
portion of the mix with proper attention to grading. Thus, if a con- 
erete mix is not undersanded, the entrained air is more likely to be 
inherently present in the mortar, and the air content of the concrete 
will not be much affected by the amount of the coarse aggregate. 


Air Content of Plastic Mortars. Reference has been made to the 
relatively high air content of the standard plastic mortar specified by 
A. S. T. M. for compression tests. Table 5 presents the results of air 
determinations on five of these mortars made with different cements 
in the specified 1:3 proportions of cement to graded Ottawa sand, and 
with a fixed water-ratio of 0.8. The consistency of these mortars 
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varies considerably, as would be expected. Mortar No. 6 in Table 5 
was made in the same manner, but with Delaware River Sand instead 
of Graded Ottawa Sand. The quantities of air as determined by the 
pot test and by computation of absolute volumes of ingedients are 
given for comparison. Gradings of the sands are given in Fig. 2B, 
Curve V being the river sand, and VII the Ottawa sand. 


TABLE 5—AIR CONTENT OF PLASTIC MORTARS 


Air Content,| Per Cent 
Cement Observed Computed 
Standard! Port lami secs seserses vere aerate che Fete eRe cee ar=n een rena 6.45 


No. 
ile, 5.8 
>” Low Aluminate:Portland’s sans cucsc eestcomicne crapeie = ekateusie eo meciyueieter eats 5.5 4.9 
3. High Early Strength Portland. ..........ces sence eee eee eee 5.29 4.5 
4. Standard Portland (Made about 1924)..................-.------ 9.05 9.0 
5. Same as No. 1, with .1 per cent water-repellent admixture......... 13.2 13.4 
Go ESaine asuNioe Le River: Sand qeielesscrietstetetitater cin eerten es) ea arenes 3.9 2.6 


With reference to the agreement between observed and computed air 
voids, it will be noted that computed values are smaller except in 
the mortars of very high air content. From the results obtained it 
appears that fineness of the cement has a direct bearing on the entrained 
air, as the first four cements differ appreciably in this respect, No. 4 
being decidedly the coarsest, then Nos. 1, 2 and 3, in that order. The 
remarkable effect of the 0.1 per cent admixture in doubling the already 
high air content of mortar No. 1, needs to be seen to be appreciated. 
The consistency reminds one of a cake dough lightened with baking 
powder. It may be remarked that the generally high air voids in 
the graded Ottawa sand mortars as compared with those in river sand 
mortars have lead some investigators to suspect that this sand has a 
special affinity for air. The authors are now inclined to believe that 
this is not the case, and that the high air voids are simply the result 
of an overlean mix, magnified by the lack of suitable grading. 


FURTHER SUGGESTIONS IN THE USE OF THE METHOD 


The data which have been presented in this paper are limited in 
extent, but serve to illustrate fairly well the type of results obtainable 
with a large pycnometer and a balance of suitable capacity and 
accuracy. Certain points may be mentioned for the benefit of those 
who may be interested in using the method. 


1. Experience with the 5 in. diam. pot indicates that the error in 
gaging the water level is considerably less than the error in weighing. 
Hence there should be no inconsistency in using a larger pot, even up 
to 7 in. diam., if desired. A pot of this size would permit operation 
with a 25-lb. sample of concrete, containing aggregate up to 2%-in. 
diam. 
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2. Weighings accurate to the fourth or fifth significant figure require 
some care and assurance that the weights are correct. Balance and 
weights should be calibrated. 


3. A small rubber bulb type of syringe is more convenient for gaging 
the liquid level than a pipette. It is also useful for removing foam and 
scum. Small amounts of the latter which interfere with a clean liquid 
surface and accurate gaging can be dispersed by touching the surface 
of the liquid with the tip of the finger moistened with kerosene. 

4. The reduction in volume caused by the reaction between cement 
and water is more or less appreciable for some time after mixing. 
It is therefore desirable to make the volume tests not earlier than 10 
or 15 minutes after mixing the concrete. The magnitude of the error 
upon dilution in the pot is probably small, but merits further study. 

5. When room-dry aggregates are used in making up the test 
batches, it should be borne in mind that the absorption of the aggre- 
gates may remove a considerable volume of water from the paste. 
This goes on for some time at a diminishing rate, and any water that 
may be absorbed between the bulk volume determination and the 
gaging of the liquid level for the absolute volume determination will 
appear as so much additional air. It is therefore good practice to 
allow the aggregate to soak up the mixing water for some time prior 
to mixing the batch. 

6. In filling the 0.1 cu. ft. measure (or any other measure that may 
be used for the bulk volume determination), a glass plate carefully 
slid across the top of the very slightly over-filled pot will avoid excess 
or deficiency, such as may occur from screeding with a straight edge. 
(See uniformity of weights, Item 9, Table 2). 

7. Any considerable temperature change during the procedure will 
produce errors. The work is best done when all materials and appar- 
atus are kept in a room at nearly constant temperature. 


CONCLUDING REMARKS 


In conclusion, it may be stated that while the method described 
herein was developed primarily for the determination of air in plastic 
mixtures, it has proved very useful for the ordinary laboratory opera- 
tions on aggregates and other materials. Thus we have found this 
scheme to be the simplest we have ever used for routine determinations 
of specific gravity, and the accuracy is such that variations between 
different samples from the same stock pile can be readily detected if 
such variations are as great as .01. In fact the apparatus is wel 
adapted for determinations of absorption and free moisture, and the 
percentage of silt can be determined without a drying operation if its 
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specific gravity is known or assumed to be the same as that of the 
aggregate. Furthermore the specific gravity of cement can be accur- 
ately determined by using a large sample in kerosene, the specific 
eravity of the latter having been first determined with the same 
apparatus. The apparent increase with time in the specific gravity of 
cement in water is an interesting phenomenon to follow by this method, 
and further study of it is desirable for a more accurate measure of the 
shrinkage in volume which occurs when cement or paste are mixed 
with water. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June, 1936. Discussion should 
reach the Secretary by April 1, 19386. 
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Report of Committee 610 
BY R, L. BERTINT, AUTHOR CHAIRMAN 


Economics, strictly speaking, is a science of the laws of production 
and distribution of wealth, including all the causes of prosperity and 
its opposite. For the purpose of this paper, the application of this 
broad science to the problem at hand is narrowed down to the con- 
sideration of the relative financial advantages accruing to a contractor 
in fulfilling an obligation to furnish a concrete structure by either 


(1) Purchasing the concrete delivered at the site, ready for use, 
designated as ready mixed concrete, or 


(2) Purchasing the raw materials processed more or less and fabri- 
cating the concrete at the site, designated as job mixed 
concrete. 


The multiplicity of factors affecting the cost of producing concrete 
is such that it is impossible to give monetary data except for specific 
cases. This paper, therefore, is presented merely as a guide to assist 
the contractor in selecting the most advantageous method of supplying 
his job with concrete of required quality. 


Ready mixed concrete, also designated as pre-mixed concrete, is 
defined in the A. S. T. M. Specifications for Ready Mixed Concrete 
(C94-35) as mixed concrete delivered at the work ready to use. 


Ready mixed concrete is produced by one of two methods: 


(a) “Centrally Mixed Concrete” or ‘Central Plant-Mixed Con- 
crete” where the concrete ingredients are proportioned and 
mixed in a central plant and then hauled to the job in trucks 
generally provided with agitators. 

* i he Institute Secretary, Dec. 11, 1935. Subsequently reviewed and in general approved 
by CATs be of bie Committees R. B. Young, Stanton Walker, G. E. Floyd, J. E. Kalinka. 
For presentation 32nd Annual Convention, Chicago, Feb. 25-27, 1936. 

+Chief Engineer, White Construction Co., N. Y. 
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(b) “Truck Mixed Concrete” or “Central Plant-Proportioned Truck 
Mixed Concrete’? where the concrete ingredients are propor- 
tioned at a central plant and mixed in the conveying trucks 
while in transit to the job or after arrival. In this case, the 
necessary water is carried separately in a measuring tank and 
added when the mixing operation is started. 

The sale of ready mixed concrete has in the last 15 years become an 
important industry, particularly in large centers where there is a 
demand for this commodity. ; 

Many of the ready mixed concrete manufacturers are members of 
the National Ready Mixed Concrete Association with headquarters 
in Washington, the purpose of which is to promote the use of their 
product and disseminate accurate information concerning its prepara- 
tion and use. . 

The engineering division of the association publishes from time to 
time bulletins designed to furnish information of interest to the users 
and producers of ready mixed concrete. 

During the period of development of this industry, the mechanical 
means of producing and transporting concrete have been vastly 
improved and the great majority of plants are now equipped to fur- 
nish concrete meeting the most rigid specifications. 

The facilities for accurately proportioning the batches, controlling 
the grading of the aggregates, their moisture content, the water 
cement ratio, etc., are far more efficient than found on the average job. 

This factory made concrete, therefore, may be expected to possess 
more uniform characteristics than job mixed concrete, which may 
result in better concrete structures if this uniformity of the original 
product is not vitiated through segregation resulting from improper 
handling and placing. 

While ready mixed concrete is generally regarded as a product pur- 
chased from one engaged in its manufacture solely for profit, there are 
cases where contractors have set up central mixing or proportioning 
plants of their own, used purely to supply one or more of their opera- 
tions. 

The purchase of fresh concrete must be based on specific require- 
ments from the standpoint of quality and measurement from the 
standpoint of equity to both the purchaser and seller. 

The quality of fresh concrete may be specified in a number of ways: 

(1) by arbitrary proportions; 

(2) by cement content per cubic yard; 

. (3) by water cement ratio; 
(4) by compressive resistance at a given age. 
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Apart from the characteristics fresh concrete must possess. in order 
to produce set concrete of the requisite quality, it must be of a con- 
sistency or fluidity when delivered such that it can be placed at a 
reasonable cost. | 

The degree of fluidity is not necessarily a fixed index. For instance, 
in concreting structures composed of a variety of small members 
crowded with reinforcing bars, thin and high columns or walls, and 
large slabs, it is often desirable to alter the consistency of the concrete 
to insure proper compaction and uniformity throughout the work. 
In high pours, it is desirable to alter the mix slightly to eliminate the 
accumulation of fines at the top of each pour. Such corrections are 
difficult if not impossible to make where the control of the mix is 
remote from the site. It has been observed that, furthermore, the 
consistency or fluidity of concrete changes with the time of mixing. 
Long mixing periods tend to stiffen the mass due in part to a grinding 
action which tends to increase the percentage of fine materials in the 
mix and perhaps the absorption of an increasing amount of the water 
by the aggregate and the cement. 


Ready mixed concrete cannot readily be altered once received. 
Transit mix, on the other hand, can be corrected at the job since the 
transporting equipment is, in reality, a mixer. The only remedy, 
however, is through the addition of water which under some specifica- 
tions may vitiate the acceptability of the concrete. 


In considering ready mixed concrete for a job, the purchaser should 
satisfy himself that the dealer is equipped to supply the job at the 
maximum required rate, without interruption. This is of particular 
importance as delays in delivery involve serious loss of time on the 
part of the gangs placing the concrete. 


In localities where heavy traffic is encountered between the central 
plant and the job, resulting irregularities in delivery may be obviated 
by having an ample number of trucks in transit or providing a reser- 
voir on the job of sufficient capacity to smooth out the gaps between 
trucks. 

There is, however, a disadvantage to this procedure in case of a 
sudden stoppage in the concreting process on the job due to unforeseen 
causes, insofar as the concrete in the trucks in transit or in the reserve 
bin on the job may have to be wasted and may be charged against the 
purchaser in case the seller is unable to divert the trucks to some other 
job. 

Transit mix does not offer the same disadvantage since the mixing 
operation can be delayed a much longer time, governed largely by the 
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moisture content of the aggregate which, if present in sufficient 
quantity, may spoil the cement. 

Where ready mixed concrete is used on a job, a more careful schedul- 
ing of pours is necessary than is the case with job mixed concrete and 
close coordination between the plant and the job during the period of 
delivery is necessary to minimize the disadvantages described above. 
In comparing the cost of job mixed and ready mixed concrete, the 
purchaser must weigh these factors and_allow for them lest he be faced 
with indirect costs which well may upset his direct cost comparison. 


In determining the quantity of concrete delivered, some easy method 
of measuring the mass must be established either directly or by sum- 
ming up the absolute volumes of the ingredients in a batch. 


The verification of quality and quantity involves a considerable 
amount of testing and supervision which is not within the province 
of this paper, except insofar as it affects the cost of ready mixed con- 
crete to the user. In some cases, this supervision is conducted by the 
users own concrete technicians. If not available, the services of a 
testing laboratory may be secured to verify the quality and quantity of 
the concrete delivered, much as is done in the case of structural steel. 

The Tentative Specifications For Ready Mixed Concrete of the 
American Concrete Institute (504-31T), the A. S. T. M. Specifications 
(C94-35), and the literature of the National Ready Mixed Concrete 
Association, all contain information valuable to the prospective 
purchaser of ready mixed concrete. 

For the purpose of comparing the cost of ready mixed concrete with 
that of job mixed concrete, it is essential that all costs direct or indirect 
engendered by the process of combining the ingredients into concrete 
on the job be established and assembled into a cubic yard unit. Such 
an analysis involves many factors which are dependent on the nature 
and magnitude of the job, the costs of raw materials, plant installation, 
rentals and dismantling, insurance, supervision, etc. While most 
contractors are fully capable of establishing such costs, it is believed 
of interest to discuss this phase of the problem. 

The various methods of concrete making on the job are: 

(a) Receiving the materials in trucks as required, storing the cement on platforms, 
protected by canvas, and the aggregate in piles from which wheel barrows are filled 
manually and wheeled to a mixing platform or a power mixer. 

This method, the most economical from the standpoint of plant, is used where the 
rate of concrete supply is small and the total quantity of concrete is too small to 
absorb economically the cost of more extensive plant equipment. This method is 
inadequate where accurate control of the concrete proportions is required. 


(b) The materials are received in trucks or cars, the cement stored in cement 
sheds and the bulk aggregate in bins directly from the trucks or conveyors, the 
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TABLE 1 
The total cost of job mixed concrete is made up of the following items: 
1. PLANT 
(a) Transportation to and from the job 
(b) Installation and dismantling 
(ec) Rental 
(d) Operation 
2. MATERIALS 
(a) Cost of raw materials 
(b) Labor cost of receiving and storing 
(c) Handling cost, including measuring and mixing 
(d) Loss due to bulking of aggregate 
3. INCIDENTALS 
(a) Supervision 
(b) Testing 
(c) Insurance 
(d) Accounting 


TABLE 2 
The total cost of ready mixed concrete is made up of the following items: 


1. Puanr (For receiving concrete) 
(a) Transportation to and from the job 
(b) Installation and dismantling 
(c) Rental 
(d) Operation 
2. CONCRETE 
(a) Cost of concrete 
(b) Labor cost of receiving 
(c) Loss due to waste 
(d) Loss due to shortage of quantities received. 
3. INCIDENTALS 
(a) Supervision 
(b) Testing 
(c) Insurance 
(d) Accounting 


cement being fed from the storage shed to the mixer by wheel barrows or conveyors 
and the aggregate directly from the bins into measuring equipment of the volumetric, 
weight or inundation type. 

This type of plant is applicable to almost any concrete job of sufficient size to 
absorb the cost of the plant. In other words, where the labor saved in the handling 
of the materials is sufficient to offset the cost of the plant and operation. With this 
type of plant, concrete capable of meeting the most rigid specification can be pro- 
duced. 

In very large operations, suitably located, the cement may be received in bulk, 
stored in specially constructed bins which are charged by means of cement pumps 
and fed to the mixer in the correct amount by means of weighing equipment. 

In some localities, the fine and coarse aggregate may be purchased in properly 
proportioned batches which are dumped from trucks directly into the mixer hopper 
as required. 
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This method of delivery eliminates the plant charges and labor involved in the 
storing, handling and measuring of the aggregate on the job. In certain cases, the 
cement in correct quantity is added to each batch on the truck, thus further reducing 
the plant and labor charges on the job. 

In analyzing the job, the well informed contractor will select the method which 
yields the most economical production of concrete consistent with the requirements 
of the job and the specifications. 

The cost thus obtained furnishes the basis of comparison between that of job 
mixed concrete and the price quoted for ready mixed concrete by the dealers. 

Where the use of plant is involved in these calculations, there may 
be a considerable difference of opinion between the contractors as to 
the value chargeable to the job. Many indirect expenditures are fre- 
quently overlooked with the result that the cost of concrete per yard, 
based thereon, may be fictitious. With ready mixed concrete, pur- 
chased at so much per yard the elements of uncertainty are saddled by 
the dealer and the contractor knows exactly what his concrete will 
cost him, except that this price may be modified by excessive labor 
costs on the job due to unsatisfactory delivery or loss of concrete as 
pointed out elsewhere in this paper. 


In Table 1 and 2, the various items which go to make up the cost of 
concrete on jobs both for job mixed and ready mixed concrete are 
given. 

Table 3 is a list of plant items which a contractor must price accord- 
ing to the local conditions, selecting from the list such items as are 
required for the type of plant he chooses to use for a particular job. 

It is recognized that certain cost items such as fuel or power, super- 
vision, operators, etc. are difficult to isolate from the rest of the job 
plant cost but the value of these items compared to the total cost is 
small and can be approximated without much error. 

Where the nature of the job is such that the ready mixed concrete 
can be discharged directly from the trucks into the forms, the equip- 
ment or plant required to distribute job mixed concrete may be saved. 
On jobs where space is not available for the storing of concrete materials 
or erecting a mixing plant, ready mixed concrete is of course the only 
alternative. 

In some cases, contractors have found it more advantageous from 
the standpoint of cost to construct their own central mixing plant and 
feed one or more jobs from it than to purchase ready mixed concrete 
from a dealer whose plant may be too far away from the job or whose 
sales prices may be too high to compete with the cost to the contractor 
of manufacturing and transporting the concrete he requires. 

Aside from the true difference in cost between job mixed and ready 
mixed concrete a contractor may purchase more expensive ready mixed 
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TABLE 8—JOB PLANT 


. Transpor- 
Material | tation to | Erection Rental . Dis- 
one Hom mantling 
to) 


CEMENT 

Storage at Site 

(a) Platform and canvas 

(b) Shed 

(c) Tank and pump 
Handling Equipment 

(3 Conveyors 

b) Bag bundling machine 
Measuring Equipment 

(a) Weighing machine 


AGGREGATE 

Storage at Site 

(a) Platforms 

(b) Bins 
Handling Equipment 

(a) Conveyors 

(b) Derricks 

(c) Carryalls 
Measuring Equipment 

(a) Volume batchers 

(b) Weighing batchers 

(c) Inundators 
Heating Equipment 

(a) Steam coils 


_ WATER 
Conveying and Storage 
(a) Piping or hose 

(b) Pump 
(c) Tank 
Measuring Equipment 
(a) Volumetric tank 
Heating Equipment 
(a) Steam jet or coils 


MIXING 
(a) Platforms for hand mixing 
(b) Power Mixers 


POWER EQUIPMENT TO OPERATE 
THE ABOVE LISTED MACHINERY 
(a) Electric Motors 
(b) Gasoline Engines 
(c) Steam Engines 
(d) Boilers 
(e) Wiring 


concrete from a dealer because it reduces the initial outlay of money 
for plant equipment and the credit extended him reduces his weekly 
pay roll, thus reducing the amount of cash necessary to carry on his 


contracts. 


On jobs of the type of a multi story reinforced concrete building, it 
has sometimes been found economical to purchase ready mixed con- 
crete for the installation of the foundations when small daily quantities 
of concrete are required and the erection of the main mixing plant 
would interfere with the progress of the job at that stage. After the 
floors and roof have been placed from a job mixing plant, resorting 
again to the use of ready mixed concrete for the pouring of odds and 
ends such as stairs, pent houses, concrete sills, ete., which generally 
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proceed at a slow rate with the other trades and at which time the 
main plant would interfere with the finishing trades. 

As stated at the beginning of this paper, it is impossible to give 
specific costs of either ready mixed or job mixed concrete. The costs 
published in the Engineering News Record indicate a range from 
$5.45 to $8.25 per yard for ready mixed concrete between different 
parts of the country. The range in cost of job mixed concrete for the 
great variety of job conditions, labor rates, material costs, etc., for 
different parts of the country, far-exceeds that given for ready mixed 
concrete. 

This paper is presented as a general exposition of the application or 
use of both ready mixed and job mixed concrete from the standpoint 
of the contractor. It is hoped that it will be discussed freely and much 
additional information from actual experience furnished thus enhanc- 
ing its value to those interested. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June, 19386. Discussion should 
reach the Secretary by April 1, 1936. 


AGGREGATE PRODUCTION FOR GRAND CoULEE Dam* 
BY GORDON F. DODGET 


As a prelude to the subject under discussion, it is possibly desirable 
to give a brief description of the surroundings of the Grand Coulee 
Dam on the Columbia River in north central Washington. 


The country rock of this district is granite which, during the earlier 
geologic periods preceding the glacial age, was covered by seven or 
more successive lava flows, all separated by considerable periods of 
time as evidenced by fossil trees as large as seven feet in diameter in 
at least one of the lower partings. 


During the glacial age at least two, possibly three successive glacial 
movements occurred, sweeping down from Canada and forming ice 
and debris dams across the river. The water thus impounded found 
an outlet to the south into the Snake river valley and, during the times 
it was thus diverted, cut enormous channels from one to several miles 
wide and several hundred feet deep through the overlying lava rock. 
One of these channels named Grand Coulee is about 50 miles long. At 
about its mid length is an ancient waterfall (dry before Niagara was 
born) which is more than twice as high as Niagara and which carried 
many times as much water. As the glaciers receded, the dams which 
had been formed were worn away and the river resumed its old bed 
leaving the topography as it now exists, with the bed of the temporary 
channel about 450 ft. above present river level. 


This Grand Coulee has given its name to the dam which is now being 
constructed across the Columbia a short distance down stream from 
its junction with the temporary channel. 


As a construction project this dam is notable in that when completed 
it will undoubtedly be the largest mass of concrete ever placed. It is 
to be of the straight gravity type with a length from end to end of 
approximately 4,300 ft., a maximum height from lowest bed rock of 
approximately 550 ft., a maximum width at the base of approximately 
*Received by the Institute Secretary for presentation at the 32nd Annual Convention, American Con- 
crete Institute, Chicago, Feb. 25-27 1936. 


+Engineer, Construction Machinery Division, Jeffrey Manufacturing Co., Columbus, Ohio. 
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500 ft., and will raise the low water level akout 370 ft., forming a lake 
about 151 miles long, extending to the Canadian border. 


When completed this dam will contain more than 11,000,000 cu. 
yds. of concrete and finding a suitable source of aggregates for such a 
mass of concrete was no small task. 

However, nature seems to have had a long foresight and through the 
agency of the glaciers ground up and laid down a large bed of sand and 
gravel but a mile and a half from the east abutment of the dam. This 
deposit while not ideal in its composition.is of sufficient quantity and 
contains materials of acceptable quality after processing. 

Because of its lava cap and granite base rock origin, the deposit is a 
mixture of granite and basalt with the basalt portion being sufficient 
to give the resulting sand and gravel a very dark color. The high per- 
centage of basalt has the beneficial effect of reducing the mica content 
in the sand to an acceptable percentage, particularly as the mica has 
been ground very fine. 


This deposit while washed and spread by the waters of the glaciers 
is still quite different from the usual river bar. Its top is at an average 
of about 950 ft. above the present river level and, unlike the usual river 
deposit, where the coarsest material is always upstream, the order of 
deposition is more or less reversed, with coarser materials at points 
farther along the path of movement, as is frequently the case with 
glacial deposits. 


With all of its beneficial foresight, however, Nature played one 
scurvy trick in that she kept her mills working too long and hard and 
made an excessive amount of sand, some of it exceedingly fine, as will 
be seen by an examination of the screen analyses of Test Pits No. 6 
and 7 reproduced in Tables 1 and 2. To compensate for this, she re- 
frained from laying down any clay above a certain zone, at least insofar 
as the few test pits have shown. 


For the purpose of making a study of processing plant requirements, 
the test data available were not as complete as might have been de- 
sired, especially in view of the large area and depth of deposit that 
must necessarily be mined. Outside of some surface trenches on the 
slopes, only the 4 ft. square Test Pits 1, 4, 5, 6 and 7 shown on the log 
sheet in Fig. 1, together with screen analyses of these pits, were avail- 
able at the start. It was obvious that suitable material mineable 
without prohibitive waste did not exist below El. 1600. The test pits 
together with surface markings made it almost a certainty that an in- 
dicated sand layer just below El. 1800 extended throughout the deposit. 
This layer of sand is extremely fine, in fact too fine to be of any use 
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whatever. Reference to the analysis tables shows fineness moduli as 
low as .09 and .06, but this does not tell the whole story. As much as 
44 per cent of minus 200 mesh was found by further testing of selected 
samples. It was, however, still sand, not silt. 


In view of the ultimate high dam requirements with a possible 
shortage of needed material lower down in the deposit, it was decided 
with the accord of the Reclamation engineers that a greater area than 
originally intended should be opened up for the present contract cover- 
ing about 4,000,000 cu. yds. of concrete, so that all present require- 
ments could be obtained without going below the fine sand layer. This 
then left Pits 1, 6 and 7 as the principal early source of information 
with Pits 8 and 9 following later. 


The Reclamation Bureau engineers set a tentative ratio of 2.6 of 
gravel to one of sand as the desired concrete mix and a grading of sand 
with upper and lower limits as shown on the accompanying sand curve. 
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Fig. 2 


A study of the test pit data available showed the enormous excess 
of sand in the deposit and indicated the necessity of providing large 
waste capacity. It also indicated that the sand screening capacity 
would be the critical point in the screening plant and would set the 
screening area required. A vital element in sand screening rates is the 
moisture content in the sand and, as it was obvious that an absolutely 
dry feed could not be depended upon at all times, there was nothing to 
do but make it a wet plant throughout with a vertical flow sheet and an 
ample supply of water. The surrounding topography further favored 
that arrangement of screens as all material could be handled with a 
minimum of lifting through the process. 

Plotting of test curves from the available test pit data (Fig. 2) in- 
dicated that Pit 7 should probably be about the worst to be expected 
in the matter of sand tonnage to be handled and that pit was therefore 
used as a basis of screen plant design. Maximum concrete pouring 
schedules (later increased) called for an average production of about 
740 tons per hour of finished aggregates. To cover variations, an out- 
put of 1000 tons per hour was adopted, sufficient for continuous supply 
to seven of the eight proposed 4 cu. yd. mixers. With the proposed 
mix ratio of 2.6 to 1.0 this calls for a finished output of 723 tons of 
gravel and 277 tons of sand per hour. To secure the desired 723 tons 
per hour of gravel, under average conditions, a plant feed of 2200 tons 
per hour was indicated, and this gave a sand feed of 1477 tons per 
hour. However, as sand and gravel deposits are never uniform, a 
maximum plant feed of 2500 tons per hour with 1777 tons per hour 
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of sand was adopted to cover variations, and sand screening areas 


were set accordingly. 
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Fig. 3—ARRANGEMENT OF PLANT 
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Due to the steep slope of the face of the deposit (as much as 14 to 
1), no suitably level screening plant site was available except at a point 
about 475 ft. below the average top of the deposit, and advantage was 
taken of this site (see cross section of screening plant—Fig. 3) to in- 
troduce a large raw stock pile ahead of the crusher station and a fairly 
large balancing pile between the crusher station and the screening plant, 
both of which should have an appreciable averaging effect upon the 
material before it reaches the screens. Also in order to average out the 
material as much as possible in mining, the taking of two cuts of 40 to 
45 ft. depth each was adopted for removing the 80 to 90 ft. depth of 
material lying above the fine sand layer. 

The specifications upon which the contract is based, calls for four 
sizes of gravel, 6 x 3 in.; 3 x 14 in.; 14 x % in.; 34 in. x 4 mesh, and 
sand of a fineness modulus of 2.5 to 3.0 and with a grading as shown on 
the sand curve, Fig. 4. It further states that insofar as is consistent 
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with the making of good concrete, the full run of the pit production 
shall be used. 

For the gravel portion of the mix this specification introduced no 
difficulties. It required simply the crushing of oversize above the 6 in. 
maximum specified, as the gravel portion of the available material is 
fairly well graded. In case of the sand, however, the problem was more 
difficult because, along with the large excess volume, it is of a fineness 
modulus that is on the average too high, as can readily be observed 
from a study of the test pit data. 

To correct this more of the coarse elements have to be discarded; 
and the simplest way to accomplish that purpose is to split into several 
fractions and then blend the retained portions in the proper propor- 
tions. It was therefore decided to produce three fractions, 4 to 20 
mesh, 20 to 48 mesh and 48 to 100 mesh. The sand curve shows ap- 
proximately what tonnages would be required of each of these fractions. 


Fig. 5 shows how these tonnages are applied to the theoretical 
average plant feed of 2200 tons per hour to determine what portion 
of the total sand must be taken to the classifiers. The diagonal propor- 
tional line shows 628 tons of 4 to 20 mesh whereas 125 tons or 19.8 per 
cent is required; 532 tons of 20 to 48 mesh with but 97 tons or 18.2 
per cent required; 162 tons of 48 to 100 mesh with 55 tons or 35 per 
cent required; 155 tons of minus 100 mesh which will have largely been 
eliminated in a previous step of the process, namely, the dewaterers. 
More about these later. 
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From the preceding it is seen that to obtain 55 tons of 48 to 100 mesh 
it is necessary to use a classifier feed of 35 per cent of the total sand 
output, or about 515 tons per hour. To cover variations a maximum 
classifier feed of 600 tons per hour was adopted. Obviously, with this 
tonnage of classifier feed, an excess of the two coarser fractions will be 
produced and must be disposed of. Classifier discharge chutes were 
therefore designed to split production in 25 per cent increments and 
to send any increment either to the stock pile or to the waste system. 
In each stock pile the material is permitted to drain, and then is moved 
over a tunnel in which are a belt conveyor and a number of variable 
speed feeders by means of which the correct proportions of each fraction 
may be placed upon the conveyor, the actual analyses of the fractions 
having been determined at the classifiers as they were produced. To 
insure thorough blending and eliminate all possibility of balling of the 
fine fraction, the proportioned sand is put through regular foundry 
sand aerators on its way to the stock pile. The combined fractions are 
further blended during placement in the stock pile by an automatic 
-belt conveyor tripper that continually runs back and forth the length 
of the stock pile as the sand is delivered. The effectiveness of this con- 
trol of the sand grading is shown by operating tests giving moduli 
running regularly between 2.75 and 2.80. 

The sand dewaterers that have previously been mentioned are used 
for the purposes principally of draining the sand which comes from the 
screens in a flood of water, putting it into a condition that can be 
handled on belt conveyors and saving the water for reuse after clarifica- 
tion. A secondary use is the elimination of the majority of the minus 
100 mesh material which overflows with the wash water into the 
clarifiers, where it is settled out and drawn off to waste as a sludge 
underflow. 

Clarification of wash water is not a frequently used expedient where 
an ample supply of clean water is available, as is the case at Grand 
Coulee. Its adoption here was determined not by a shortage of water, 
but by the high pumping head (about 610 ft. static, 670 ft. total 
dynamic) and the length of line required (about 3400 ft.). A further 
consideration was that discharge of a possible 20,000 gal. per minute 
of dirty water into the river might be the cause of complaint. A study 
was made as to the possibility of utilizing the wash water as a means 
of disposing of the waste sand, but in addition to having the river con- 
taminated through the natural drainage channel into the river, up- 
stream from the desired pump house location, insufficient sand disposal 
area was available even for this first contract without a large labor 
expense in restraining its spread. In fact, comparative estimates in- 
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dicated that a worthwhile final economy in plant cost and operation 
could be attained by the use of conveyors asa means of waste dis- 
posal, with the added advantage that the waste area available would, 
with that method, be sufficient for not only this contract but for the 
total construction project. 


Having discussed the principal technical and mechanical problems 
that had to be solved, a description of the plant provided may be of 
interest. This is illustrated by the general plant layout in Fig. 3, and 
the flow sheet in Fig. 6. 


Briefly the material is to be mined by two 42-in. radial boom- 
conveyors, each 200 ft. long. Each boom-conveyor is carried by a truss 
that is movably and pivotally supported at the discharge end over one 
of the extensible field conveyors. At the receiving end they are pro- 
vided with hoppers and feeders all pivotally supported upon a frame 
carried by two crawler treads. Each crawler tread is independently 
driven by its own motor so that full flexibility of motion is obtainable 
for the hopper in any direction in following the shovel. As there is a 
small percentage of boulders too large for handling on the belt con- 
veyors, each hopper is equipped with a self dumping grizzly for their 
rejection. 


In normal operation the shovel cuts on a semi-circular face with the 
hopper following closely. After completion of each swing the radial 
boom-conveyor advances by the depth of the cut and a reverse swing 
ismade. As needed, or after an advance of 160 to 170 ft., a new section 
of corresponding length is spliced into the extensible field conveyor and 
the advance continued. 

The materials thus dug and delivered to the main field conveyor fall 
from the end of the trestle into the raw stock pile. From the raw stock 
pile it is fed and carried by a conveyor to the crusher house where two 
72 in. x 22 ft. trommel screens reject the plus 6 in. material into a 20-in. 
gyratory crusher set to reduce all to minus 6 in. and thus avoid a re- 
circulating load. The throughs of the screens and the crusher product 
join on an outgoing belt conveyor and are delivered into the balancing 
pile ready for processing. 

From the balancing pile, four feeders and two conveyors deliver to 
the upper floor of the screen house where a sufficient supply of clarified 
water is introduced to guarantee a fluid mass on the first screens, 
which are four in number with 3 in. square openings in the top deck 
and 114 in. square openings in the bottom deck. Two sets of spray 
nozzles supply additional clarified wash water and a third set supplies 
fresh rinse water to each screen. A hopper under each screen catches 
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GENERAL VIEW OF PLANT (SEE OPPOSITE PAGE) 


the water and the minus 14% in. material and splits it onto two 
screens on the next floor down, making eight screens for that stage, each 
having a 34 in. square mesh top deck and a No. 4 (square) mesh 
bottom deck. Spray arrangement is the same on these screens as on 
those above. Each size of finished gravel from the four upper and the 
eight lower screens is delivered through “stone ladder” chutes to a 
system of collecting conveyors on the floor next below the fine screen 
floor, and from there the different sizes are carried by conveyors to their 
respective piles over the main storage tunnel. Here also “stone ladders” 


are used to reduce breakage of finished materials, the piles being some 
50 ft. high. 


Hoppers below the fine screens catch the sand and water and four 
steel launders (one for each pair of screens) deliver them to the sand 
dewaterers. These are simply enormous sand drags (eight in number) 
in concrete tanks. Two drive units are used, one each for a group of 
four machines, but clutches permit disconnecting adjacent pairs so 


that the dewaterers are actually grouped the same as the screens and 
sand launders. 
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GENERAL VIEW OF PLANT (SEE OPPOSITE PAGE) 


The fine material and water overflow into a wooden launder leading 
to the clarifiers while the dewatered sand is dragged up and discharged 
to two belt conveyors, one going to the waste dump and the other to 
the classifiers. Amounts of sand going to either destination are con- 
trolled by four flop gates in the discharge chute of each cell of the de- 
waterers so that even under maximum sand conditions the diversion 
increments are 50 tons per hour or less. 

Sand to the classifiers is delivered with the necessary water to the 
first classifier unit where minus 20 mesh is overflowed to the second 
unit. The second unit overflows minus 48 mesh to the third unit and 
that overflows the water and undesired minus 100 mesh into the launder 
going to the clarifiers. The further treatment and handling of the 
sand into the plant stock pile has already been outlined, as has also 
the waste sludge from the clarifiers. 

Due to the uncertain, or rather the unknown, factors in the pit, 
provision has been made to supply water in excess of the old rule of 
thumb of “a gallon per minute per yard per day.’”’ This applies to 
pump foundations and pipe lines only as pumping equipment has not 
all been installed. One river pump and one clarified water pump have 
been left out for later installation if and when needed. 
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Due to the considerable moisture carried in the sand that will be 
wasted, loss of water was allowed for upon the basis of 25 per cent, 
but clarifier pumps were based upon a possible saving of 90 per cent. 
From the stock piles at the plant a conveyor system more than 6,000 
ft. long transports separately the various sizes of gravel and the blended 
sand to the main storage piles where about 314 days’ maximum demand 
of material may be held ready for transport by conveyors to the 
mixing plant bins. 

All storage is on the ground over tunnels, but while stone ladders 
were used at the plant to prevent breakage, the wings of the aeroplane 
tripper at the main storage are hinged to permit adjustment to the 
height of piles and minimize fall of finished gravel. 


For such discussion of this paper as may develop readers are re- 
ferred to the JouRNAL for May-June, 1936. Discussion should 
reach the Secretary by April 1, 1936. 


CONCRETE BY Pump AND PIPELINE* 
BY CHARLES F. BALLT 


TNR ORD FU ICe Ee TLOuN 


Tux system of placing concrete by pump and pipe line known as 
Pumpcrete was first introduced in the United States late in 1932. In 
the last two years two million cubic yards of concrete have been 
pumped in this country alone, and this method has been successfully 
employed for such a wide variety of construction work that it is no 
longer regarded as a fantastic notion, but rather, is now recognized 
as a standard way of delivering concrete. Undoubtedly, a better 
understanding of just what happens, and a consideration of the factors 
that make for or against successful pumping of concrete will promote 
more efficient application on the part of the contractor, and frequently, 
more economical design on the part of the engineer. 


It is the purpose of this paper to discuss the essentials of the pump 
itself, and associated equipment, and enumerate some of the phe- 
nomena of concrete actions in connection with these devices. A further 
study will be made of some of the concrete mixtures that have been 
used, (both good and bad from the standpoint of pumping,) in the 
hope of establishing some helpful generalities. 


The Pumcrete system can be defined as the method of transporting 
fresh (plastic) portland cement concrete through pipe lines by means 
of direct acting pumps. 


In practice, mixed concrete is supplied to the hopper of the pump, 
and then much in the same manner as with an ordinary fluid, successive 
charges are drawn into a working chamber (cylinder) and these charges 
are forthwith expelled into the pipe line. Each charge as it is forced 
into the line pushes all of the concrete in the line forward and, as con- 
crete is relatively incompressible, a nearly equivalent amount is 
ejected from the end of the pipe. The pipe line is entirely filled at all 
times except when first starting. 


*Received by the Institute Secretary Dec. 18, 1935, dor presentation at the 32nd Annual Convention, 
American Concrete Institute, Chicago, Feb. 25-27, 193 
+Chief Engineer, Construction Equipment Division, ae Belt Co., Milwaukee, Wis. 
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CONCRETE A DIFFICULT MATERIAL TO HANDLE 


Of the commonly used materials, probably concrete is the most 
difficult to transport. There are several reasons for this, of which the 
following are of greatest importance: 

1. It is a material that in a relatively short time changes from a 
semi-fluid to a solid, and there is no known way of thereafter reversing 
the change. 

2. It is a semi-fluid only insofar as the mass as a whole is con- 
cerned, for the internal structure consists principally of solid pieces 
of varying sizes, the ratio of solids to liquids being in the neighborhood 
of 10 or 15 to 1 by weight. The larger pieces, which form the coarse 
aggregate, may be gravel, or crushed stone, or slag, or manufactured 
compositions. The fine aggregate is usually sand, and contains pieces 
as large as 3¢ in. or 14 in. in maximum dimensions, and as small as 
particles passing a 100 mesh screen or even ‘“‘powder fine.” The 
coarse and fine aggregate in desired proportions are combined with a 
binder of cement paste, consisting of cement and water in varying 
ratios. It is of the utmost importance to the quality of the structure being 
placed that the proportions of large pieces, small pieces and cement paste 
be uniform throughout the entire mass, and unless the material handling 
system delivers the concrete in a uniform condition of mixture through- 
out, it has failed almost as signally as though part of the material 
handled had been wasted on the way. 

3. While the concrete as a mass is semi-fluid in its characteristics, 
it resists doing anything except staying where it is, or moving in a 
straight line, preferably down hill. Very dry concrete has a sliding 
angle of 35 degrees or more. Concrete containing large pieces of 
coarse aggregate tends to bridge or “log-jam,”’ and this is so pro- 
nounced with the drier mixtures that it is dificult to get concrete to 
drop out of a hopper or bucket, even though a very large opening. 

4. Because of the sand content and sometimes because of the sharp 
edges of the coarse aggregate pieces, concrete is highly abrasive and 
this characteristic is obviously of great consequence in either chuting 
or handling by pipe line. 

DESCRIPTION AND EXPLANATION 

The concrete pump or Pumpcrete machine is a heavy duty, single 
acting horizontal piston pump involving, as would be expected, 
several unusual details of construction. Except for extreme ruggedness, 
some of the constructions are very like a heavy duty water pump of 
the piston type. A conventional crankshaft and connecting rod 
design is used. The cylinder is disposed horizontally with the outlet 
connection directly in line with the cylinder. 
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Fic. 1—THE CONCRETE PUMP 


A supply hopper is mounted above the cylinder head chamber. An 
inlet valve of very unusual design is positioned between the hopper and 
the chamber. An outlet valve of similar type is in the outlet passage. 
The inlet and outlet valves are glorified plug cocks, and they are 
mechanically opened and closed in timed relation to the movements of 
the piston. Their operating mechanism comprises very large double 
acting cams mounted on the crankshaft which cooperate with rollers 
carried by oscillating arms. The oscillating arms are connected to the 
valve plug levers by valve rods which incorporate a spring relief. 
All of these parts and their relative positions can be identified in Fig. 1. 


The cycle of operation is as follows: The inlet valve is opened at the 
beginning of a suction stroke, and a charge of concrete from the hopper 
is drawn down through the inlet valve into the cylinder as the piston 
retreats. At the end of the suction stroke the inlet valve closes, and 
the outlet valve opens, and the charge of concrete in the cylinder is 
pushed forward by the advancing piston. This forces concrete out of 
the pump chamber through the open outlet valve into the connecting 
pipe line. At the end of the pressure stroke, the outlet valve closes and 
the inlet valve is opened and a fresh charge of concrete is drawn into 
the cylinder on the next suction stroke. The operation is obviously 
two cycle and one charge of concrete is handled for each stroke of the 


piston. 
Except for the mechanical opening and closing of the valves which 


is not usual with water pumps, the action is substantially the same. 
However, the problems are eminently different. Due to the stowing 
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characteristic of the concrete, which has been previously mentioned as 
the tendency to bridge or “‘log-jam,” the valves and connecting passage- 
ways are very large and as free as possible from quick changes of 
direction or any change of size. The valve passages are nearly the 
same size, and sometimes even larger than the diameter of the cylinder. 
When the concrete is particularly stubborn, or for pumping conditions 
of extreme height or distance, considerable power is required to 
operate the very large valves. The “stowing” characteristic of the 
concrete is taken advantage of in the valving operation as the valves 
are not completely closed in the shut-off position. Stowing of the 
concrete at the restriction completes the shut-off action. 


The piston does not come in direct contact with the concrete nor 
with the pump cylinder walls. An enlarged replaceable rubber piston- 
end takes the brunt of pushing the concrete. The piston skirt and 
cylinder wall back of the rubber piston end are continuously rinsed 
with washwater. The rubber piston-end keeps the water out of the 
concrete. 


All parts of the pump coming in direct contact with the concrete are 
subject to considerable wear. As far as possible, liners and other 
readily replaceable parts are used. The wear is minimized by em- 
ploying very high grade heat treated materials. Naturally, some 
concrete mixtures are more abrasive than others, and also, the abra- 
sive action increases with an increase of pumping distance or height. 


The pumps most used to date have a cylinder diameter of 190 m.m. 
(714 in.) and a stroke of 12 in., and, at normal speed of 48 to 50 r.p.m., 
have a capacity of 2214 to 30 cu. yd. per hour per cylinder, depending 
principally upon the workability of the concrete and to some extent 
upon the combination of height and distance that it must be moved. 


A larger standard pump has been developed for use with coarse 
aggregate of 3 in. maximum size. This has a bore of 200 m.m. (7% 
in.) and a stroke of 12 in. 8-in. pipe is normally used with this 
pump. A novel type of inlet valve is used and this valve construc- 
tion, combined with changes in the structural base, permits lower- 
ing the hopper nearly 114 ft., as compared to the smaller capacity 
standard pumps. 


One of the astonishing things about the Pumpcrete system is the 
relatively small amount of power needed. Single cylinder pumps are 
equipped with 30 h.p. variable speed electric motors, or 40 h.p. gas 
engines—the double pump with a 50 h.p. electric motor or 60 h.p. 
gas engine. The power cost is rarely more than one cent per cu. yd. 
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For low slump or harsh mixtures, and wherever segregation is 
likely to occur in charging the hopper, as for example, when using a 
belt conveyor or a series of chutes, a pug-mill type of remixing hopper 
is used instead of a simple cone type hopper. This adjunct has con- 
siderably broadened the range of concrete mixtures successfully 
handled. Even with very pumpable mixtures, it is of considerable 
benefit, if long delays are encountered, as it keeps the concrete in 
perfect condition until it is sucked into the cylinder. 


The 200 m.m. (77% in.) Pumpceretes are occasionally equipped with 
a rotary drum remixer which has a loading height of approximately 
.4 ft. to 5 ft. for a single pump, and 5 ft. to 6 ft. for a double pump, 
depending on type. The rotary drum remixer has so far been used 
only for tunnel lining work, but undoubtedly has a broad application 
for readily portable unit. 
PIPE LINE 


After the concrete leaves the pump, it moves through the pipe in 
synchronous impulses, but at all times the pipe is completely filled and 
there is no tendency to segregate or disarrange the structure of 
the concrete mixture. There is a tendency due to the troweling 
action of the inside of the pipe to bring a slight surplus of grout to the 
outside of the concrete stream which is probably very helpful to pump- 
ing as the grout is the only part of the concrete that can possibly act 
as a lubricant. Due to the remixing action of the pump itself and 
freedom from segregation in the pipe line, the concrete as it reaches 
the end of the line is normally in a better state of uniformity of mixture 
than it was in the hopper of the pump. 


Even after the concrete has passed through the pump into the pipe 
line, it is still a stubborn material to handle. The pipe line is usually 
very large, frequently almost as large as the pump cylinder diameter, 
as any change in the contour or size of the passage is likely to cause 
trouble. Even an enlargement will cause trouble at the point. where 
the normal size is resumed. Large radius curves can be readily nego- 
tiated, but add considerably to the pipe friction losses. As an approx- 
imation, a 10 ft. piece of pipe bent to form a 5 ft. radius 90 degree 
elbow has about the same resistance as 40 ft. of straight pipe. In our 
experimental tests we can develop a very substantial resistance even 
with a short pipe line by using bends totalling 8 or 10 right angles. 
In pumping through pipe lines smaller in diameter than the pump 
cylinder, a taper section is employed to accomplish the reduction. 
For difficult concrete mixtures, a reduction from 8 in. to 7 in. is made 
in approximately 6 ft., and from 7 in. to 6 in. in 10 rt, 
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Fig. 2—TyPIcaAL PLANT SET-UP SHOWING TWO 28-S MIXERS, DOUBLE 
“DUMPCRETE”’ AND PIPE LINE. NOTE THE QUICK ACTING TOGGLE 
COUPLINGS 


Perfecting a practical Siamese ‘‘Y”’ connection to combine the two 
streams of a double pump was the result of much study and experi- 
mentation. The present construction involves an enlargement at the 
junction of the two incoming pipes so that the area at the point where 
the streams are completely merged is one and one-half to two times 
the area of either of the incoming pipes. To reduce this to normal 


pipe size involves the use of one or more taper sections connected in 
_ Series. 


The pipe line itself is of unusual construction with special toggle 
couplings that can be connected in half a minute and disconnected in 
10 seconds. 


The standard length of a section is 10 ft. In addition, 5 ft., 3 ft., 
and 1 ft. sections are furnished, also 90, 45 and 221% degree bends. 
With this assortment, almost any desired point can be reached. 
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6-in., 7-in. and 8-in. pipes are used. The nominal size is the outside 
diameter, and the wall thickness is approximately 3¢ in. or less. 

The wear in the pipe line is surprisingly small. Most of the pipe, 
including the bends, will be good for more than 50,000 cu. yds. 

It is frequently advisable to have sufficient pipe for a number of 
“artery” lines in different directions laid down at-all times. On some 
of the Mississippi river lock and dam jobs, approximately half a mile 
of pipe was available, although the maximum pumping distance rarely 
if ever exceeded 800 ft. 

A general idea of present Pumpcrete performance limitations, 
given by the following table of Pipe Line Data, is based on reducing 
the pumping resistance of any combination of straight pipe, bends and 
differences in elevation to the resistance of an equivalent length of 
straight horizontal pipe. 


PIPE LINE DATA 


Equivalent Length of Maximum Aggregate 
Pipe Size Straight Horizontal Pipe* Vertical Distance** Square Screen Size 
WITH PUMPCRETE 200 (8 In.) 
SaOrD: 1000 ft. 100 ft. 3° 
TOMS 800 ft. 100 ft. 216" 
WITH PUMPCRETE 190 (7% In.) 
AOD: 1000 ft. 100 ft. 216” 
6” O.D. 600 ft. 100 ft. 14’ 


*A 90 degree bend is figured as equivalent to 40 ft. of horizontal piping, a 45 degree bend equivalent 
to 20 ft., and 2244 degree bend equivalent to 10 ft. 
**Not over 200 ft. of pipe, actually. 


A combination of horizontal and vertical distances is to be calcu- 
lated on the basis of 1 ft. of vertical equalling 8 ft. of horizontal pump- 
ing. The total equivalent distance should not exceed the equivalent 
horizontal pumping distances shown in the tabulation. 

CLEANING THE PIPE LINE 


It was the common practice in Europe until recently to disconnect 
the pipe sections one at a time, stand the sections up on end to let the 
concrete slide out and then flush the inside either with a hose or a 
swab. The pipe line was then reconnected, ready for the next pour. 

A more practical, quicker and less wasteful method is used on all of 
the American Pumpcrete jobs. Cleaning of the pipe line is accom- 
plished by the use of a “go-devil,” which is propelled through the line 
by liquid or air pressure. The go-devil is a dumbell shaped piece with 
a cup rubber on each end. These rubbers are a close fit in the pipe 
and with the cups turned toward the liquid, the seal is the same as in 
a simple plunger pump, like a tire pump. 
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Fic. 3——DISTRIBUTING TOWER DEVELOPED BY CONTRACTOR, MISSISSIPPI 
RIVER LOCK 22 


Fic. 4—DouBLE PUMPCRETE PUMPING CONCRETE FOR POWER HOUSE AT 
BouLDER DAM LOADED FROM 8 CU. YD. CABLE-WAY BUCKET 


The procedure is as follows: At the completion of the pour, all 
the concrete in the hopper is pumped out into the line. When pump- 
ing against a vertical head, a shut-off valve in the line near the pump 
is closed and the line adjacent to the pump is opened by removing one 
or two sections. In the case of the double Pumpcrete, the Siamese 
and taper sections are removed. A short section of pipe is attached 
to the near end of the pipe line and a wad of excelsior or sacks is 
pushed into this pipe, followed by a go-devil; then another wad of 
excelsior or sacks and another go-devil. The end of the pipe is then 
capped with a piece containing a hose connection. 


In the meantime Pumpcrete hopper and pump are flushed out and 
any stones or rocks in the pump are scraped out with a suitable tool. 
After the pump is thoroughly washed out, it is converted into a high 
pressure water pump by the addition of water valves above the inlet 
concrete valves and beyond the outlet concrete valves. This converted 
pump is then connected to the pipe line cap by a high pressure hose. 
The hopper of the Pumpcrete is next filled with water and pumping 
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of water is started. The water pressure propels the go-devils, which 
in turn push the concrete in the pipe, and as the go-devils advance, the 
concrete is forced out of the end of the line into the forms (or wasted if 
a bad guess has been made as to the amount required). The location 
of the go-devils can be determined accurately by tapping the pipe, and 
pumping is stopped before the go-devil reached the end of the line, so 
that there is no danger of flooding the pour. Of course the water 
back of the go-devil does a very fine job of rinsing out the pipe. 

This probably sounds like a long and tedious task. Actually the 
time lost is only a matter of 5, 10 or 15 minutes. The least time is 
lost with a single pump equipped with a cone hopper. Most time is 
required for a double pump with a remixing hopper. 

An auxiliary pump with a capacity of 80 gals. per minute or more 
and capable of developing a pressure of 500 p.s.i. can be used for 
pumping out. This saves considerable time as it is not necessary to 
wait while the Pumpcrete is being flushed out and being converted 
into a water pump. With an auxiliary pump only 2 or 3 minutes time 
is lost. 

The pipe line can be successfully cleaned by propelling the go-devil 
by air pressure. This is the customary procedure in tunnel lining work 
and is occasionally necessary where it is difficult to dispose of the 
water that would be used in cleaning the line. For short lines a tight 
wad of wet sacks can be used in place of the go-devil as the air that 
gets past into the concrete does no particularly damage. The action 
in cleaning out is entirely different than when using water, as due to 
the expansion of the air, the go-devil may get out of control and it is 
important that the end of the line be pointed at some solid or yield- 
ing object that cannot be injured by the impact of the concrete or 
go-devil. 

DISTRIBUTING DEVICES 

A considerable number of standard accessories or ‘“‘gadgets’’ have 
been developed in connection with the pipe line to facilitate placing. 
There are several kinds of spouts and chutes that range all the way 
from a very small affair that hangs from a bo!t supported on the end 
of the pipe line, to a very elaborate full swivel self-supporting wheel- 
mounted spout that receives concrete from a pipe line that is supported 
independent of the forms on an “A” frame or equivalent. A full 
swivel connection is also available, which permits the end of the pipe 
line itself to be moved in a full circle. For specialized work such as 
putting concrete in walls that must be brought up in lifts of 18 in. or 
2 ft., or more, to comply with the specifications, bottom drop gates 
in the pipe line itself are available. 
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~ One standard accessory that is interesting on account of its sim- 
plicity, is the shut-off valve which consists of a short section so arranged 
that pins can be driven in through holes in one side. These pins do not 
completely close the passage, but the same condition of ‘‘stowing’’ is 
effective there, as in the valves of the pump itself. The shut-off 
valve is used wherever vertical pumping is involved, either up or 
down. For pumping up, the valve is usually located close to the pump. 
For pumping down it is in the lower horizontal line. 

For the San Francisco-Oakland Bay Bridge job, it was necessary 
to use hose sections in the line at various places because the pumping 
plant was on a barge and the caissons in which concrete was being 
pumped were anchored in the mud, and the hose sections took care of 
the relative movements due to tides and waves. - These hose sections 
were of unusual construction and were capable of withstanding pressure 
of 700 p.s.i., or probably considerably more. Similar hose sections 
are sometimes used at the end of the pipe line to considerable advant- 
age in placing the concrete just where it is needed. 

GENERAL ENGINEERING INFORMATION 

It is with considerable hesitation that I approach the next subject. 
Our present data are too meager, too inadequate to submit as a basis 
of engineering determination. In spite of that, some of the general 
relationships are well defined, and the trends disclosed are helpful to 
an understanding of the general problem of transporting concrete by 
pipe line. 

An almost infinite variety of concrete mixes are possible, and, even 
with given proportions of all of the solid constituents, the character- 
istics change a great deal with a difference in water content. Conse- 
quently, it is only possible to speak of the action of different mixtures 
in the pipe line in general terms. We know that drier mixtures 
require a greater pumping force than wetter ones. On the other hand, 
some very dry mixtures are easier to pump than others at their best 
consistency. 

In the fall of 1932 we conducted a number of tests on the first 
double Pumpcrete before it was shipped to Boulder Dam. These 
tests and some additional data secured at Boulder Dam and on 
the New York Central Viaduct job in New York served as the ground 
work for the values presented. Our experiences on a great variety of 
work since then have not been contradictory. 

The volumetric efficiency of the system, i. e., ratio of the volume 
of concrete pumped to the piston displacement, is affected princi- 
pally by (1) consistency and workability of the mix; (2) pumping 
height and distance. 
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If concrete is readily pumpable, and the slump is favorable, (2 in. 
to 6 in.), the volumetric efficiency rarely falls below 80 per cent. 
For medium and short distance horizontal pumping, the efficiency will 
frequently exceed 90 per cent, sometimes 95 per cent. If concrete is 
too harsh for pumping, or too dry, the average efficiency may be in 
the seventies, and, in extreme cases, the efficiency may drop to as 
low as 30 per cent, and yet pumping can be continued with reasonable 
certainty. 


The pump speed has very little effect for the customary range 
between 40 and 50 r.p.m. For slower speeds, if pumping against a 
considerable head, the effect is adverse, due to back slip through the 
valves while they are being opened or closed. An excess speed can 
interfere with the complete filling of the cylinder on the suction stroke, 
particularly with dry concrete. Inadequate head of concrete above 
the inlet valve may have the same effect as excess speed. 


The values given in the table of Pipe Line Data were first predicated 
on the following approximate relationship of pipe line pressures and 
slump as determined for single and double pumps of 180 m.m., (7-3; in.) 
bore and 12 in. stroke. 


PRESSURE DROP POUND PER SQUARE INCH FOR 100 FEET OF STRAIGHT LINE 
(Approximate Average) 


Diameter of Pipe yd hav, 6 In. 
6 in. Slump 40 25 
2 in. Slump 70 40 


Pressure due to lift or static head is one pound per square inch for 
each foot vertical and is substantially independent of the slump. 


Due to the practical difficulties of securing accurate pressure read- 
ings, we know comparatively little about the pressures in the pump 
but have reason to think that these pressures may be as much as 
500 p.s.i., although, for average pumping conditions it is probable 
that the pressures are not much more than half that. The water 
pressures required to move the go-devil can be measured. Usually 
the pipe lines can be cleaned when using the go-devils, with pressures 
of much less than 500 p.s.i. 


As the concrete flow in the pipe line comes to complete rest after 
each pressure stroke with a single pump and nearly so with a double 
pump, much energy is required to accelerate the mass for each pressure 
application, and that energy is proportional to the mass, and inde- 


pendent of the slump. 
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Obviously the power required is dependent on both pipe friction 
and inertia, and while there is a substantial increase in power require- 
ments with the drier mixes, the increase is by no means proportional 
to the increase of pipe friction. To illustrate the general relation, the 
best record with 114 in. slump, 4% bag concrete, is about 1100 equiva- 
lent ft. while the best record with 6 in. or 7 in. slump, 6-bag concrete 
is more than 1400 ft. of actual pipe. Both of these records are far 
beyond the guaranteed performance as shown in the table of Pipe 
Line Data. 


There is no mathematical justification for the statement accom- 
panying that table that 1 ft. of vertical equals 8 ft. of horizontal 
pumping. It is an approximation that satisfies the lay mind and saves 
a lot of argument. In a practical way it works and it is close enough 
to the facts to permit successful planning for limit applications. From 
mathematical considerations, it is evident that if the pipe friction 
with 2 in. slump is 75 per cent more than with 6 in. slump, and the 
pressure due to the head is independent of the slump, a correct con- 
version factor must be a variable and not a constant. Other factors 
such as pipe line velocity have a bearing and a complete formula 
taking all of the factors into consideration would probably be too 
complicated to be of practical value. 


As yet we have not determined that the proximity to, or remoteness 
from the pump of the vertical pipe or lift has any important bearing 
on the limits of operation or capacity. Due to the synchronous start- 
ing and stopping of the flow, it is advantageous to have a horizontal 
run of pipe, say 30 to 50 ft., between the pump and the lift, as the 
inertia effects of the concrete stream in the horizontal. pipe to some 
extent counteract the back pressure due to the vertical head, permitting 
the outlet valves to close with less effort required and less wear. In 
explanation of the foregoing, the concrete stream in the pipe acquires 
a substantial velocity at the middle of each pressure stroke, and this 
velocity has a tendency to continue even after the piston has reached 
the end of the stroke. The inertia of the decelerating mass tends to 
offset or minimize the back pressure due to the vertical head. 


CONCRETE MIXTURE 


Nearly all of the concrete mixtures commonly used are pumpable, 
provided they are of a readily workable consistency. Workability in 
a practical way is gauged by the ease of flowing, puddling or vibrating 
the concrete into final place in the forms. Most of the factors that 
make for workability also promote pumpability. However, a concrete 
may be workable in the sense that it will readily tumble or landslide 
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into place, but it does not always follow that the same mixtures will 
respond satisfactorily to pressure. No amount of pressure will pump 
stone, gravel or sand, either individually or collectively, unless the 
solid pieces are “floated” in a great surplus of fluid, or, as in the case 
of concrete, the solid ingredients are vitalized into a fluid mass by 
the lubricating properties of the cement paste. 

With this conception, it seems to be important to consider concrete 
mixtures, not only from the standpoint of workability, but more 
particularly as to the kind of workability, namely, “gravity work- 
ability” and “pressure workability”, as characterized by the types of 
activating force to which they respond. Except for the drier mixtures, 
the distinction is of minor consequence, but for the large amount of 
specification concrete with low water content, which must be vibrated 
in place, there is a decided difference. 

There may be other answers, but from our observations it seems that 
pressure workability requires more sand than gravity workability. 
Just adding water will not make up for a deficiency in sand, although 
adding water and cement together, always helps. Apparently, 
enough sand and cement paste is required to minimize particle inter- 
ference of the coarse aggregate pieces. Also, it seems that a deficiency 
of fines in the sand has a greater effect on pressure workability than 
on gravity workability. Fortunately, nearly all of the later specifica- 
tions are giving proper consideration to the fines. This subject of 
workability has been most ably developed and discussed by T. C. 
Powers in his paper, ‘‘Studies of Workability of Concrete.’”’* These 
studies were made before the general use of internal vibrators, and 
it is probable that the values for optimum per cent of sand are more 
favorable to pumping of concrete than some of the present practices. 
The remolding test used as the measure of plasticity comes closer to 
giving an indication of pressure workability or pumpability than any 
of the other standard tests. Nevertheless, it is principally a gravity 
workability test. The conclusions, however, are definitely in agree- 
ment with actual experiences and observations of commercial concrete 
pump applications, and should be recognized in designing concrete 
mixtures for Pumpcrete placing. 

Table 1 gives detailed information covering the concrete mixtures 
used for a considerable number of jobs. In some cases the information 
is quite complete, in others, only the weights of cement, sand and 
coarse aggregate are now available. It is to be understood that the 
exact proportions were subject to frequent adjustment, and usually, 
continued experimentation to compensate for the variations of the 


*JouRNAL, Amer. Concrete Inst., Feb. 1932, Proceedings, Vol. 28, p. 419. 


346 JouURNAL OF THE AMERICAN CONCRETE InstituTE—Proceedings 


TABLE 1—DETAILS OF CONCRETE MIXTURES PLACED BY PUMPCRETE ON 
REPRESENTATIVE JOBS 


1 2 3 4 5 6 Hes on 9 
Missis- Missis- | Missis- et 
sippi Mil- San sippi sippi Missis- 
Job Huey | River | waukee Green Francisco } River | River sippi 
Boulder| Long Lock Via- River Oak.-Bay Dam Dam River 
Dam | Bridge | No. 4 duct Dam Bridge No. 5 | No. 5 |LockNo. 22 
Year 1932 1933 1933 1933 1933 1934 1934 1934 1934 
Yardage See 11 | 17,000 | 55,000 | 5,200 55,000 75,000 | 40,000 | See 7 80,000 
Cement 500 470 470 564 470 470 435 437 423 
Admix. 25 
Sand 1000 1320 1270 1235 1130 1331 1250 1199 1270 
Coarse 
Aggregate 
— x x x x x x x x x 
—% 757 54 >< 720 x 512 x 1091 x 
-1 x x x x x x 1140 x 920 
—-1 x x x x x x x x x 
-1% 1400 1950 x 970 2030 615 x 1250 x 
= x x x 1140 1270 
—2% 2170 345 956 
Water 273 ~ 266 232 244 
Sand Good Bad Good | Good Fair Fair Blend | Blend Bad 
Coarse Gravel | Gravel | Gravel | Gravel |Gravel and|Gravel and| Gravel | Gravel | Cr. Stone 
Aggregate Cr. Stone | Cr. Stone 
Slump ki 2-—-5|/1-4)2-—5 6 1% -2%|1%-3 1 1% 1 
Pumpability Fair Fair Good | Good Good Good Good Bad Bad 
ee eS eS re 
SIEVE ANALYSIS OF SAND—PER CENT PASSING 
% 100 
4 99.5 99.1 96.2 97.2 
8 95.5 87.8 81.4 88.5 
16 84.0 75.4 65.4 70.6 
30 66.0 65.2 36.0 Pg peal 
50 5.0 14.0 11.3 6.9 
100 1.0 1.5 250) -o 
eA Oe ee 


“x” Indicates that some of this size is included with the weight given below it. 


aggregates. Each of the mixtures shown met satisfactorily the require- 
ments of the particular job for workability and strength. 


The following comments throw some light on the reasons for the 
classification as to pumpability, the numbers corresponding to the 
columns of Table 1. 


(1) This was a border line mix sometimes O. K., sometimes very difficult when the 
pea gravel varied. See Column i0 for a better proportion of the same materials. 
Probably with the remixing hopper later developed, this mix would have been 
entirely satisfactory. 

(2) This was a “temperamental” material to pump, particularly in hot weather, 
probably due to the poor quality of the sand. The concrete bled badly and best 
results were obtained at about 3 in. slump. 

(3) Plenty of good sand—O. K. 

(4) Plenty of cement, sand and water. Good gravel. High strength and very 
easy to pump. 

(5) With 5 bags of cement, this material was entirely satisfactory. 

(6) This concrete was delivered to the Pumpcrete hoppers by belt conveyors. 
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TABLE | (PART 2)—DETAILS OF CONCRETE MIXTURES PLACED BY PUMPCRETE ON 
RESPRESENTATIVE JOBS 


10 1 Tote aaS 14 15 16 17 18 
Missis- | Missis- | Missis- 
sippi sippi sippi Metro- 
Job River | River River poli- Joe Joe 
Boulder|Boulder| Lock Lock Lock tan Wheeler {Wheeler 
Dam | Dam |No. 5A] No. 8 No. 16 | Tunnel Dam Dam Walsh 
; 1935- i 
Year 1934 1934 1934 1934 1934 6-7 1935 1935 1935-6 
Yardage See 11 | 250,000] 60,000 | 65,000 70,000 600,000} 25,000 See 16 | 150,000 
Cement 480 445 423 432 423 517 455 480 564. 
Admix 
Sand 1180 1032 1180 1185 1399 1110 1135 1250 1080: 
Coarse 
Aggregate 
-% x x x x x 100 x 126 
—%% 851 820 x x x x 630 640 x 
-1 x x 1392 1155 849 x x x x 
-1% x x x x >? 860 x x 1010 
-1% 1281 700 x % x x 835 1280 x 
—2 x 928 1155 1273 x x x 
—24% x 1180 x ; 854 
=—3 840 625 
Water 259 245 247 316 346 
! Blend Blend 
Sand Good_| Good | Good | Good Good Fair Bad Bad Fair 
Coarse Gravel | Gravel | Gravel | Gravel | Cr. Stone | 70% _ |Gravel and! Gravel |Gravel and 
Aggregate nae 4 Ne OE ey, Gravel eee rv, Cr. Stone 
ump - Ste 4, —-1\% -_ 24% —4 40 
Pumpability| Good | Good | Good | Good Bad Fair Bad Fair Good 


SIEVE ANALYSIS OF SAND—PER CENT PASSING 


% 100 100 

4 98.9 96.2 100 OOo 

8 88.0 88.8 84 84.5 

16 65.5 68.0 62 68.5 

30 26.8 31.9 39 46.5 

50 Hike 9.4 22 5.5 

100 5.6 1.3 10 -5 
200 3 i 


“x” Indicates that some of this size is included with the weight given below it. 


The remixing hoppers on the Pumpcrete would correct most but not all of the segre- 
gation from the belts but would not make up the loss of grout when the belt scrapers 
failed to function. Until the mix was proportioned as shown, trouble was encountered 
frequently. After that, the performance was very dependable and satisfactory. 

- (7) This concrete was splendid and results were equally so. 

(8) This is the same job some months later. 2-in. aggregate no longer available. 
With 114-in. maximum aggregate, it was very difficult to develop the specified 
strengths, using 414 bags of cement, without being too dry to pump. 

(9) Crushed stone concrete needs more sand, cement and water than gravel con- 
crete for equal workability, but the specifications were the controlling factor. 

(10) Wonderful concrete to pump or chute. 

(11) This concrete is much harder to pump than 10, but good, dependable results 
were obtained. More sand would have made the job easier. 

(12) Enough of the larger coarse aggregate reduced the sand requirement so the 
cement and water were adequate. 

(13) The contractor was smart enough to use 9 lb. extra cement and secured fine 
workability and high production. 
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(14) Another crushed stone job. The sand was fine which helped. Would have 
been easy to pump at 3-in. slump, but with slumps of less than 1/4-in. was “nlenty 
tough.” With the same water and cement limitations, crushed stone is more difficult 
to pump than gravel concrete. However, with enough extra sand to compensate for 
the difference in voids, and extra cement and water to correspond, crushed stone 
concrete is just as pumpable as gravel concrete. 


(15) Desert materials are converted into adequate concrete. Not hard to pump 
but compare the water content to any of the lock and dam jobs. Of course, the 
materials are usually bone dry. 


(16) and (17) Not enough fines in the sand. 

(18) Similar to 15. 

This matter of concrete mixtures is much too complex to permit 
generalizing, but it does seem that there is one conclusion that can be 
drawn that applies generally, and that is: provided there is enough 
good sand and the slump can be maintained at 2 in. or more, the results 
will be consistently satisfactory. In some cases “enough” sand may 
be more than the concrete technician approves of and with less than 
434 bags of cement per yard some clever juggling is sometimes required 
to combine adequate strength and workability. With 3 in. stone and 
minimum sand the slump should be 3 in. or more. 


SUMMARY 


Concrete is actually pumped by a piston pump in much the same 
manner as water. The Pumpcrete machine is especially designed for 
this purpose, with a supply hopper surmounting a horizontal cylinder 
and very large inlet and outlet valves mechanically operated, in timed 
relation with the movements of the piston and crank shaft. Due to the 
unusual characteristics of the material being handled, it is not necessary 
to close the valves completely so there is no ‘‘nut cracker’ action. 
Instead they are closed only partially and the concrete “stows” at 
the restriction, completing the closure. No air is used in connection 
with the pumping action and the pump cylinder and pipe line are 
completely filled with concrete. 

Concrete is delivered from the hopper to the forms in a uniform 
condition of mixture and free from segregation. 


The pump parts that come in direct contact with the concrete and 
are subject to wear are readily replaceable, but due to proper choice of 
materials and proper processes of manufacture, have a surprisingly 
long life. 

Pumpcrete machines are now built in single and double cylinder 
models, with capacities ranging from 20 or 25 to 65 cu. yd. per hour. 
A 50 h.p. electric motor, or 60 h.p. gasoline engine is used on the 
largest machine, and power cost rarely exceeds 1¢ per cu. yd. 
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The pipe line is usually nearly as large in diameter as the pump 
cylinder. It is made in standard interchangeable sections, with 
quick-acting toggle couplings and rubber gaskets to prevent leakage. 
Due to the low velocity of flow, pipe wear is negligible. 

The pipe line is cleaned at the end of a pour and all the concrete in 
the pipe line is expelled into the forms by inserting a go-devil in the 
line, just in front of the pump and forcing the go-devil and concrete 
through the line by water or air pressure. 

The Pumpcrete system has been used for a great variety of jobs, 
with yardages as little as 1000 and as much as 80,000, not counting 
Boulder Dam where approximately one quarter million yards have 
been pumped. 

The cement content varied from 4 bags per yard to 6. Much of the 
concrete pumped was approximately 444 bags per yard and dry 
enough to develop strength in excess of 3200 p.s.i. 

The minimum sand content was 1000 lb. per yard, and the maximum 
was 1400 lb. and more. The coarse aggregate varied from pea gravel 
up to and including anything that would pass a 3 in. square screen. 

The slump varied from % in. up. Probably the most dependable 
slump is about 3 in., but the maximum distance and height is obtained 
with good concrete of 6 or 7 in. slump. 


For such discussion of this paper as may develop readers are re- 
ferred to the JourNAL for May-June, 1936. Discussion should 
reach the Secretary by April 1, 1936. 


Suass SuppoRTED ON Four S1pEs* 


BY J. DI STASIOT 


MEMBER AMERICAN CONCRETE INSTITUTE 


AND M. P. VAN BURENT 


The proposed new “Building Regulations for Reinforced Con- 
crete” (see this JouRNAL, Nov.-Dec. 1935, p. 181 and supplementary 
publication: there announced) as recommended for adoption by 
Institute Committee 501, Standard Building Code, include a complete 
revision of existing Code requirements for the design of two-way slabs 
which are supported on four sides. To facilitate discussion when the 
proposed new code should be formally presented for action of the 
Convention (Chicago, Feb. 25-27), Mr. DiStasio, a member of 
Committee 501, was invited to write a brief paper outlining the 
regulations and basic formulas as prescribed by the Committee. The 
present paper, in which Mr. van Buren has collaborated, and 
written with the advice and suggestion of other members of Committee 
501, as acknowledged by the authors, is the result—EpDITOR 


THE PROBLEM OF TWO WAY SLABS 


Tue mathematical analysis of slabs supported on four sides is a 
problem of considerable intricacy. Bending moments are affected not 
only by the complex distribution of the stresses within the panel itself, 
but also by variations in the length, stiffness, and loading of adjacent 
bays. Notable articles (', 2) in recent years have established a basis 
for a better understanding of the actions controlling the behavior of 
this type of structure. Technical methods are available for analyzing 
particular situations by close approximation, and formulas have been 
proposed for dealing with a series of equal adjacent panels in various 
arrangements of continuity. However, a building with all panels of 
the same size and shape is rarely encountered in practice, and a means 
of handling the usual irregularities is sorely needed by the profession. 
To be practical, a code should provide for all contributory factors in 
the simplest manner possible. For two way slabs, this is best ac- 

*Received by the Institute Secretary, Dec. 11, 1935. 


tJ. Di Stasio & Co., Consulting Engineers, New York. 
(1,2) See references at end of paper. 


(350) 
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complished by the use of one general method for all conditions of 
rectangularity, restraint, arrangement of loading, and variations in 
adjoining bays. 

THE EQUIVALENT UNIFORM LOAD METHOD 


It is the intent of the two way slab regulations of the proposed 
Standard Building Code to provide one universal formula for bending 
moment to cover all conditions and situations affecting the behavior 
of a slab in the usual building structure. For a unit width of slab, this 
formula may be written 


M = + 0srato a ho Ee ON ee en aE EE OA eT RRL (1) 


in which a is the bending moment coefficient, 


A is the span in direction considered, 

w is intensity of uniformly distributed loading on the panel, 

ra is the proportion of total load carried by span A. 
Except for limiting cases, the total load on span A, rawA, is not 
uniformly distributed along the span, but, when modified by the factor 
ea, a total equivalent uniform load, earawA, is obtained from which the 
bending moment is found directly by formula (1). 

A formula of the same general type obtained by replacing ears with 
1 — eara governs the design of the parallel supporting beams. End 
shear follows directly from the total load carried by the span, being, 
when end moments are equal, 44r4wA for slabs and 4 (I—r,)wA 
per unit of tributory width for the parallel beams. Approximate 
formulas for the intensity of loading are given from which shears at 
intermediate points may be calculated. A minimum thickness for- 
mula, based on limiting deflection to definite ratios of the span is 
established by which all cases of rectangularity and continuity are 
made consistent. Finally, rules are formulated to control the arrange- 
ment of the reinforcing. 

The regulations are based on the following principles: 

(1) The greater proportion of the panel load is carried in the stiffer 
of the two directions of the panel. 

(2) The proportion of the total load carried by any element is 
generally not uniformly distributed along its span. 

(3) The slab and parallel beams together carry the total load. 


DISTRIBUTION OF THE TOTAL PANEL LOAD 
The distances between the lines of inflection, when uniform load is 


applied to the span under consideration only, form convenient measures 
of the relative stiffness of the two directions. In apanel, A x B, these 
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distances are given by F4A and FB respectively. It is found that 
F 4 and Fz, thus defined, vary very little with changes in spans, and 
that formulas therefor, derived on the basis of an infinite series of 
spans all of which are alike except the loaded one, are sufficiently 
accurate for other arrangements of the more distant spans. Deriva- 
tions, given in the Appendix I, result in the following equations in 


which K, is the stiffness factor for the span considered, and Kar is 


the stiffness factor of the adjacent span. 


Simple Spans Fg -=— 1 pt reese re Oe eee (2A) 
229 
End Spant continuous ome; ened orl yap ay (2B) 
4 7Ka 
: 8K ar 
| 1 
Interior Continuous span, Fa = J) — ———__............. eee ee (2C) 
1.5 + 7Ka 
8K ar 


For interior spans, when adjacent bays to right and left are different, 
F, is to be taken as the average value. Similar equations determine 
the values of F's by substituting the stiffness factors of the B spans. 
Results of the equations are tabulated in Table 1. 


TABLE 1 
Ka In- 
KAR 0 .25 | .50 | .67 | .80 | 1.00} 1.25) 1.50} 2.00} 4.00} finity 
Fa, .75 | .80 | .88 | .84 | .85 .87| .88} .89) .91) .95} 1.00 
End Span 
Fa, nites | etsy PAG ove ||. 72! .76| .78} .80) .83] .89) 1.00 
Interior Span 


An inspection of the table demonstrates the relatively narrow range 
of variation of these factors. Therefore, for all practical purposes, 
when the ratio of the stiffness factor of the span considered to each 
adjacent span is at least 2/3 or at most 3/2, F4 or Fg may be taken 
without recourse to the formulas as .76 for interior spans, .87 for end 
spans, and 1.00 for simple spans. 


The proportion of total panel load carried in one direction, r4, is 
then found from the third power formula 
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and in the direction at right angles, 


1 
i Sh Sap SAP Nags Alea suena trea a | GUN ie era och (3B) 


FB \3 
i | ee 
EF fa) 
Of the various generally recognized distribution formulas, e.g., straight 
line, fourth power, third power, etc., the third power formula was 


chosen after an exhaustive study as giving results most consistent 
with the investigation. 


THE EQUIVALENT UNIFORM LOAD 


In addition to distributing the total load between the two directions 
of the panel, proper consideration must be given to the variation in the 
intensity of loading along each span. Tests and derivations (2) (8) 
agree that in a simple square panel, the maximum slab moment is 


1 
— wA?. As one half the total panel load is carried in each direction, 


this indicates that the intensity of loading varies in such a manner that 
the moment produced is 2/3 of the moment which would obtain were 
the same load uniformly distributed. In a simple rectangular panel 
in which the long side is twice (‘) the short side, it is evident that nearly 
all the load is carried by the short direction, and the panel approaches 
the condition of one way construction with uniformly distributed load. 
Between these limits, therefore, the ratio of equivalent uniform load 
to total load, e4, must vary between 2/3 and 1. Similarly, in con- 
tinuous panels, the ratio will vary through the same range when /'4A 
and FB are substituted for the complete spans. The exact curve of 
variation between 2/3 and 1 is relatively unimportant, but the formulas 


2 2 

Dye fen ERC Re OEE (Aaah ey eee (4B) 
FB a F4A 
Soret FB 


gave results most consistent with the studies made. The equivalent 
uniform loads to .be used in determining slab moments are therefore 
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earaw and egrpw, and with these values, calculations may proceed as 
in one way construction. 


The formulas given for e4 and eg contemplate that the edges of the 
panel are monolithic with or securely anchored down to the supports. 
When freely supported, as explained later in the discussion of corner 
moments, the corners of the panel tend to lift up and stress is con- 
centrated towards the center of the panel. Quite the reverse of the 
more usual anchored condition, this concentration of stress becomes 
worse as more load is applied. To provide for this, the regulations 
specify that when either one or both ends of a span are not rigidly 
attached to the supports, the value of e in that direction shall be taken 
as 1. 


BENDING MOMENT COEFFICIENTS 


Bending moment coeflicients, ; , may be found by any of the recog- 


nized methods for analysing a continuous structure by loading the 
successive spans in either direction with their equivalent uniform live 
and dead loads. The position of the live loads should be so varied as 
to produce the maximum moments at the controlling sections. If, 
however, arbitrary maximum bending moment coefficients are per- 
mitted for slabs under other sections of the Code, these may be used 
subject to the usual limitations governing such coefficients. 


SLAB SHEAR AND INTENSITY OF LOADING 


In the design of solid slabs, determination of the maximum end 
shears are usually sufficient. As previously explained, these are 
direct functions of the load distribution, being 4rawA and YrawB 
when end moments are equal. However, it is sometimes necessary, 
particularly in ribbed construction, to evaluate the maximum shears 
at intermediate points. For this purpose, a knowledge of the variation 
in intensity of loading along each span is essential. Exact calculations 
would be considerably involved, and, in the interest of simplicity, the 
approximation of substituting two straight lines for the true curvilinear 
variation affords an easy method of obtaining the results desired with 
satisfactory accuracy. With this approximation, formulas for the 
intensity of loading are derived on the basis that, first, the total 
moment on the span due to the variable loading is the same as that 
resulting from the equivalent uniform loading, and, second, the end 
shear obtained from the variable loading equals 44rawa. The values 
for the intensity of loading at center and support are given in Fig. 1, 
and their derivation may be checked from equations 5 and 6. 
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A A A A A? 

raw (3ea—2) —x — + raw (4—3ea—3ea + 2) 5X 14x — = egraw— .......(5) 
2 4 2 6 8 

VY (rae (8ea—2) + raw sea) = Wea wa ee que nee en (6) 


While in certain instances, due to the approximations, negative values 
for the intensity of loading may result near the center of the long span, 
the shear which is a summation of the loading will be correct at the 
support and a close approximation in regions away from the support. 


LATERAL DISTRIBUTION OF THE BENDING MOMENT 


The lateral distribution of the bending moment carried by parallel 
strips of slab is shown in Fig. 2 (?). For at least the center half width, 
the bending moment may be considered fairly uniform. With anchored 
edges, this uniformity increases as load is applied, more strips not 
previously stressed to capacity gradually coming into action and thus 
materially increasing the factor of safety. However, in conformity 
with the fact that the intensity of loading carried by each strip in- 
creases as its support is approached, strips parallel to and near the 
sides of the panel carry correspondingly less load—the sum of the 
load intensity at any point carried by the A and B spans being always 
equal to w. The bending moment therefore drops off rapidly near the 
sides of the panel. This condition is further accentuated by T-flange 
action of the supporting beams causing compressive stresses in the slab 
which counteract tensile stresses in the reinforcement. The regulations 
therefore permit that positive steel adjacent to a continuous edge only 
and for a width not exceeding one fourth of the shorter dimension of 
the panel may be reduced 25 per cent. Negative steel, to provide for 
corner moments, discussed subsequently, must be carried at full value 
for the entire width of the supports. 


CORNER MOMENTS 


Fig. 3 represents the condition at the corner of a two way panel. It 
is apparent that span C across the corner being shorter and stiffer than 
spans A or B will carry most of the load. In this region, therefore, the 
principal moments will be positive across the diagonal causing tension 
in the bottom of the slab in the direction of span C, and negative in 
the direction of the diagonal producing tension in the top of the slab 
across span C. Analysis could also be made considering only the A and 
B directions, but the bending moments found would not be the prin- 
cipal moments as large torsional components would also be involved. 
With unanchored edges, the rotation about span C as an axis due to 
bending in the direction of the diagonal tends to lift the corner off the 
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support causing span C to move towards the center as more load is 
applied. Edges monolithic with or rigidly attached to supports are 
therefore conducive to a more balanced stress distribution. 


Reinforcement of the corner may be attained by the use of either a 
diagonal or rectangular arrangement of the steel. But, unless addi- 
tional diagonal reinforcement is supplied to satisfy the principal 
moments, the concentration of stress near the slab corners necessitates 
provision for the full value of the negative moment across the entire 
length of the support, and precludes cutting bars short or reducing the 
area of the positive steel in the outer quarters more than 25 per cent. 


PLATE ACTION 


As in all flat plate structures, the torsional resistance of the slab is 
a primary factor in securing a favorable distribution of the bending 
moments. To insure the development of this torsional resistance, and 
to provide some measure of uniformity between the moments of 
inertia in the two directions, it is specified that the reinforcement per 
unit width in the long direction shall be at least one third of that 
supplied in the short direction. This regulation is of particular im- 
portance for thin oblong panels with crossing reinforcement where a 
slight field displacement of the bars may materially influence the 
effective depth. Plate action, properly considered, requires adequate 
resistance in both directions. 


MINIMUM THICKNESS 


To guard against the obvious dangers inherent in too thin slabs, a 
minimum thickness formula is prescribed, 


= zloty Dials Vv p00 putiat least't inches. 4 0.2 eee (7) 
72 fe 


3 


in which N equals the sum of the lengths of those edges of the panel 
A X B supporting continuous adjacent spans. This formula is based on 
limiting deflection to definite ratios of the span consistent with all 


at i! 
conditions of rectangularity and continuity. 5a of the span has long 


been recognized as a minimum desireable thickness for one way simple 
spans in wood, steel, or concrete. This, for steel at 16000 p. s. i., agrees 
with the limit for plastered ceilings; for steel at 18000 p. s. i., the ratio 


1 : ; ; 5 ; 
becomes ——, but in reinforced concrete, with the assistance given 
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: : 1 
by the concrete to the steel in regions of low stress, the retention of i 


is justified. In a simple square panel, the equivalent uniform load 
ratio is 2/3, and for deflection equal to a one way slab of the same span, 


the required thickness is a of the span. Similarly, for equal deflec- 


: A? 
tion, a continuous uniformly loaded one way span with = at the 


center requires 85 per cent of the thickness of a simple span, and in two 
way slabs, this percentage may be decreased to 80. The cube root 
factor was added by the committee to provide for cases where other 
than 2000 Ib. conerete is used. The consistency of the formula is 
readily demonstrated, as for example, in the case of simple spans, it 


varies from = for a square panel to - when B equals 2A,—a con- 


dition approximating one way construction. Furthermore, a com- 
parison with minimum thicknesses satisfactorily followed in com- 
mercial practice shows close agreement. It is of course necessary to 
also check the thickness as required by the stresses. 


THE SUPPORTING BEAMS 


The analysis of the supporting beams follows directly from the 
principle that the slab and parallel beams together carry the total 
load. For the beam of span A, the equivalent uniform loads (1—r,4) w 
and (1—e,r4)w, when multiplied by the tributory width, give the 
loading per unit length of span to be used in determining end shear and 
moment respectively. Similar equivalent loads (1—rg)w and ( 1—egrp)w 
are applicable to the beam of span B. In the derivation of these ex- 
pressions, it is to be noted that no compensation has been made in 
the design of the beams for the reduction in load carried by the outer 
quarters of the parallel slab which may amount to 8 1/3 per cent of 
the total panel load. This omission is justified by the many factors 
tending to increase the factor of safety in this type of construction, 
such as dome action from surrounding partially loaded bays, re- 
distribution of stress, and the fact that the controlling sections of both 
slabs and beams are required to be proportioned for maximum moment 
conditions which do not occur simultaneously. 


For purposes of calculating shears at intermediate points, approxi- 
mate formulas for intensity of loading are derived on a basis similar to 
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that for slabs. The values for the intensity of loading at center and 
support due to one half panel width are given in Fig. 4, and their 
derivation may be checked from equations (8) and (9). 


B A A B 
Si (1I—4r4 + 3eara) WS x 4. (l—S8eara + 2r4—1 + 4r4—Beara) 


4 2 
we CALS CA a ) B A® 
eas gene ae (pe ais 
5% 5 3 CATA _. UGE Phen Pn Ra 3 esa (8) 
B A 
5 4% ( (1—4r4 + 3eara) w + (1—Beara + 27a) “> 
B 
= \& (1-4) wAS DI et MER cy ALUN A ene eR, oe cee ae ae Ne (9) 


Shear calculated from these loadings will be correct at support, and 
slightly on the safe side at intermediate points. 


DESIGN 


The principal factors required in the design of two way slabs and 
their supporting beams are given in Table 2. 


TABLE 2 
FsA | FsB 
a TA Or TB Or eA €ATA 1—eara eB €BTB 1—ears 

FzB FsA 1—7B i734 

1.00 | 1.00 50 50 67 33. |  .67 éz) | 133 67 
ae 91 43 BT 165 28 72 69 39 61 

1.2 83 37 563 63 23 7 a 45 156 

1.3 7 31 69 62 19 81 74 al ions 

Te Gee tee 7 | 273 61 16 84 77 56 44 

1.5 67 23 17 60 14 86 80 62 38 

1.6 63 20 80 59 12 | .88 83 66 34 

1.7 59 Az 83 59 10 90 87 72 28 

1.8 55 15 85 58 09 91 91 WT 23 

1.9 53 13 87 ee eos 92 ios | 88 7 

2.0 50 it 89 87 06 94 1.00 89 An 


The simplicity of the calculations is best illustrated by a typical 
example. Given the side wall panel shown in Fig. 5, to determine the 
slab moments, and the end shears and moments in the supporting steel 
beams. The unit load is taken at 100 lbs. per sq. ft., and beam B1 in 
addition carries a wall load of 800 lbs. per lin. ft. Arbitrary moment 


1 1 
coefficients for the slab are assumed as oF for end spans and 5 for 
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interior spans. 


ag equals ue equals 1.5, and with this as an argument, all 


FB 76 x 15.2 


factors are obtained from Table 2 as follows: 


1 1 
Slab of Span A, M = io earawA? = Tr x.14 x 100 x 20? = 560’ x /ft. 
1 1 
Slab of Span B, M = >> eprpwB? = 75 82 x 100 x 15.22 = 1189’ x /ft. 
: A 20 
Beam Al, reaction V = (1—ra) wR = .77x 100 x 142 x aa 11681 lb. 


A? 202° 
M = (1—eara) wB cane .86 x 100 x 15.2 x re 65231 ft. lb. 


A B ») : 
Beam B1,V = ( (l—rg) w+ sw) = (.23 x 100 x = + 800) ae 2 
7712 lb. 
a B 20 15.22 
= (Cee we + sw) = (88 x 100 x5 + 800) —— = 33944 ft. Ib. 


Experience in design of buildings by this method has shown con- 
clusively that calculations are rapidly made and are susceptible to 
simple tabulation. 


COMPARISONS WITH OTHER METHODS 


In the development of these formulas, extensive comparisons have 
been made with the slab moment coefficients of various codes including 
the usual third power, fourth power, and straight line distributions, 
Professor Wise’ tables, (2) and Doctor Westergaard’s formulas. (?) 
Positive and negative bending moments for the nine general cases of 
simple spans, end spans, and interior spans in a series of equal rectang- 
ular panels of various ratios were included in the study. Fig. 8 shows 
the comparison with Doctor Westergaard’s work. The close agreement 
is evident, and the differences may be mainly attributed to different 
assumptions of the proportion of live to dead load used in selecting 
bending moment coefficients, and to Doctor Westergaard’s allowance 
for redistribution of stress. Curves, also shown, comparing the equiv- 
alent load formulas for Case I with the Elastic Web Method of 
Professor Wise, show practical coincidence. 
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The effect of changing the location of the panel in the structure is 
indicated (Fig. 8) by the three curves in each diagram. It is clearly 
insufficient to consider one direction of the panel as a simple span, end 
span, or interior span without regard to the conditions of continuity 
in the direction at right angles. This would be even more apparent 
in the usual building structure where panels of irregular size, such as 
room and corridor, are encountered, but which are readily handled by 
the equivalent uniform load method. 

FUTURE INVESTIGATION 


Various factors influencing the behavior of two way slabs in some 
degree or in special situations offer fields for future research. These 
include the deflection of shallow girders, torsional resistance of the 
beams, dome action, Poisson’s ratio, and the application of concen- 
trated loads. While consideration has been given to these subjects in 
the course of the present studies, a general discussion of them is de- 
ferred pending further investigation. For usual conditions, these 
questions have minor significance. 


CONCLUSIONS 


In conclusion, it is deposed that the problem of slabs supported on 
four sides may be analysed logically and directly with satisfactory 
accuracy by this method. Each direction of the slab, under any condi- 
tion of rectangularity, restraint, arrangement of the dead and live 
loading, or variation in the stiffness of adjoining bays, may be handled 
by one and the same formula by the assignment of proper values to 
readily determined factors. The design of the supporting beams 
proceeds rationally on the simple principle that the slab and parallel 
beams together carry the total load. Extensive studies show that 
designs carried out on this basis are economical and in line with good 
commercial practice. A simple and rapid solution of two way slabs as 
encountered in general building work is attained by means of equivalent 
uniform loads. 
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(4) Previous codes limited two way slabs to those cases in which the long side is less 
than 1.5 times the short side. Recent investigations by Timoshenko indicate 
that this ratio may be as great as 3. However, when the ratio exceeds 2 the 
proportion of load carried by the long direction is very small and the ratio of 
effective depth to long span becomes excessive. Cases in which the panel ratio 
exceeds 2 should be treated as one way construction. 


NOTATION 


A is the span length between opposite supports in one direction. 
B is span at right angles to A. 
F4A is distance between lines of inflection in span A when span A only is loaded. 
FB is distance between lines of inflection in span B when span B only is loaded. 
N is sum of lengths of those edges of panel A x B supporting continuous adjacent 
spans. 
w is uniformly distributed load per unit area. 
t; is minimum permissible slab thickness. 
ra is proportion of total load carried by span A of slab. 
rg is proportion of total load carried by span B of slab. 
éa is ratio of total equivalent uniform load influencing span A of slab to rawA. 
ep is ratio of total equivalent uniform load influencing span B of slab to rgwB. 


1 
— is bending moment coefficient. 


i 
Ka is stiffness factor ve for span A. 


Kap is stiffness factor for adjacent span. 
Note: In the Committee’s report, Kar is used for stiffness of right adjacent span, and Kaz for stiff- 


ness of left adjacent span. For brevity in this article, Kar is used for both, the adjacent spans being 
taken alike except as noted in text. 


APPENDIX I 


Derivation of F'4. 

Let Fig. 6 represent an infinite series of spans Ar with a moment M applied at the 
left end. Let Q be the numerical ratio of moment at right end of any span to moment 
at left end of the same span. Then, from theorem of three moments 


M—4QM + QQM = 0 
whence Q = 2 = RM TL A es eR, Eo ae (10) 


In Fig. 7, given an interior loaded span A in an infinite series of unloaded spans Ar. 
Let I be moment of inertia of span A, Jz be moment of inertia of span Ar. Then 
from theorem of three moments 
wA3] R 

4 


MATr + 2M (Arl + AlIz) —QMARI = — 


I lf “ wA2 
If Ka is wv Kar is ve. and Mis — > , then 


K 
Kar + 2 (Ka + Kar) — QKa = eae or 
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ik 
Fy 1 | jo a ee (12) 
Regie yo = 44 ee 
: ; 8Kar 
For an end span, 
TK 
O'(Kegtt KR apy OR = f a or 
f=H4 € 173 =) in ee ee Se ee (13) 
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and, 
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Discussion of this paper will be consolidated with that of the 
Report of Committee 501, transmitting proposed new building regu- 
Eons and will be referred to Committee 501. See JouRNAL, Nov.- 

ec. 1935. 


UNDERWATER CONCRETE MIxTURES AND PLACEMENT— 


SAN FRANCISCO-OAKLAND Bay BripGr* 


BY STANLEY M. HANDS} 


TYPES OF FOUNDATIONS 


TuE foundation concrete for the San Francisco-Oakland Bay Bridge 
was placed in salt water at depths varying from 25 to 242 ft. There 
were 29 large seals involving from 5,000 to 30,000 cubic yards of 
concrete for each seal and requiring continuous operations for more 
than a week at a time. The submarine bucket, lowered with crane 
and hoist was used to transfer the concrete from the mixer barges to 
the foundation at the greater depths. The tremie pipe was used in 
lesser depths. It may help to understand the conditions governing 
placing underwater concrete to describe briefly the means of reaching 
a satisfactory foundation material. 

The penetration of the deep water and underlying mud was accom- 
plished with caissons of two types, the domed cellular type for depths 
where additional caisson height was required for landing, and the 
false bottom type which could be landed on bottom without the need 
of building to a height that endangered stability and position in the 
tideflows. For each type, additional lowering and penetration of 
underlying strata was attained with the aid of the imposed weight as 
top construction was advanced and excavations were made through 
the cells or digging wells. When the cutting edges of these caissons 
reached adequate foundation materials the excavation was squared 
and cleaned to receive the concrete. 

The plan dimensions of the caissons for Piers W3, W5, and W6 
were 74.5 x 127 ft. and for the central anchorage W4 the plan was 92 
x 197 ft. The excavation cells were 15 ft. in diameter. They were 
connected at the bottom through an adaptor section to the chamber 
enclosed by the cutting edge. The seal concrete was placed upon the 

*Received by the Institute Secretary, Dec. 20, 1935, for presentation at the 32nd Annual Conven- 
tion, American Concrete Institute, Chicago, Feb. 25-27, 1936. 


+Associate Physical Testing Engineer, State Division of Highways, Bay Bridge Unit, Southern 
Pacific Pier, Oakland, Calif. 
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foundation through these cells to fill the entire section to a point about 
20 ft. above the top of the adaptor section. 

Cofferdams were used in preparing foundations where good founda- 
tion material was available at depths which did not require the use 
of caissons or where it was possible to reach stable strata by means of 
piling. The cofferdams were constructed of steel sheet piling, stiffened 
on the outside by vertical I-beams driven to refusal and supported at 
the top by horizontal trusses, to give a single unobstructed working 
space within. Excavation of pier sites to —28 to —35 preceded erec- 
tion of cofferdams. The cofferdams were then erected and excavation 
completed to —45 to —55. 

W2 at —90 rested on rock. This cofferdam necessarily was framed 
inside. E2 at —45 rested on rock. For all other cofferdams 300 to 
625 Douglas fir piling, varying from 80 to 110 ft. long, were driven to 
carry 30 to 60 tons load. The pile arrangement required straight and 
battered piles which were driven by subaqueous hammers with a 
follower where necessary. Excavation was seldom required around 
the tops of the piles. 

Sand and gravel blankets, varying from 3 to 5 ft., were used to 
cover and bed down any bulked mud created by the driving operations 
and to insure a cleaner concrete in the seal. The seals were uniformly 
16 ft. thick, allowing 12 ft. of concrete above the piling. There were 
30 cofferdam seals in the major contracts, all of which were placed by 
means of the tremie. 


AGGREGATE SOURCES 

Because of the far-flung concrete operations on this bridge, it was 
necessary to insure an adequate supply of materials to meet any 
concreting requirements. To do this, aggregates were obtained from 
seven established producers. The normal products from these plants 
varied considerably, making it necessary to establish certain grading 
groups of definite range in sizes within which sufficient similarity could 
be maintained, so that materials from different sources could be used 
interchangeably without requiring important changes in the concrete 
mixture. When a change of source occurred the first barge (280 cu. 
yd.) to be batched did not always deliver exactly the desired type of 
mixture, but this condition did not cause delay, for a reasonable 
similarity between previous batches and those of the new materials 
could be secured with a slight adjustment of the water or some minor 
change in handling or placing such as filling the concrete receiving 
hopper before loading the bucket. It should be noted in passing that 
an essential feature of the success in handling this concrete was the 
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design of these concrete receiving hoppers and other concrete handling 
equipment. Further discussion of this will be found in the section on 
equipment. 
TYPE OF CONCRETE REQUIRED 

In selecting the type of mixture for these foundations, careful con- 
sideration was given to what we term “mass action,” that is, the 
behavior of the concrete in the mass with respect to segregation, 
ability to flow, and tendency for self-consolidation. An important 
property of any concrete mixture is the ease with which it may be 
placed. In these structures the requirements were particularly 
severe. Not only was it necessary that the concrete fill all of the space 
within the excavation, but it had to flow through and around the pile 
tops without segregation, all of which had to be accomplished while 
placing it through the water. Because segregation and infiltration of 
water could not be observed, under water concrete had to be designed 
so that nothing was lost from or added to the mass by reason of its 
flow. In other words, the mixture had to be self-fabricating. It was 
the selection of the mixture to accomplish these ends rather than 
economy in cement that we emphasized as of primary importance 
among the problems connected with the placing of concrete under water 

Laboratory tests by T. E. Stanton and the writer indicated that 
for materials from different sources the behavior in the mass was not 
always similar for the same grading and proportions, but that com- 
binations could be found for materials from most sources which would 
give much the same type of concrete mixture. This was fortunate, 
for the gravel deposits within shipping distance of the work contained 
only 15 per cent of sizes greater than 1/4 in. Since the concrete usually 
contained more than 25 per cent larger than 11% in. and 35 per cent 
greater than the I-in., most of the larger sizes came from adjacent 
quarries. Also, on the basis of the laboratory tests, it was decided to 
use a plastic, not fluid, mixture which contained about 2 per cent air. 
Mixes that were more fluid contained less air, but were less cohesive; 
drier mixes contained more air. Excess air was believed to be especi- 
ally undesirable in under water work, for while the air lends something 
to the flow of the concrete, it seemed likely that its escape under 
water would be accompanied by undesired turbulence. In the type 
of mix selected the sheen of free water showed during vibration, but 
disappeared when vibration ceased. 


IMPORTANCE OF FINES 


Special attention was given to the proportions of fines in the sand. 
More and more the importance of this size range is being recognized 
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Fic. 1—INsPECTION REPORT (SEE ALSO Fic. 2) 


and producers of aggregate are being worried about the demand for 
control of the finer sand fractions. In California, the practice is to 
use 30-mesh screen as the point of control for the finer fractions. Some 
other size might be just as good, but if the full effect of the finer ma- 
terials is to be recognized and controlled there should be more screens 
for the finer sizes than are found in the standard set. Practically, the 
effect on the mixtures of relatively small amounts of these finer 
sizes is very significant. 


Sand was separated and reblended in hydroseparators. Limited 
groups of the smaller sizes and a basic sand having a uniform coarser 
grading were pumped in fixed amounts to a classifier where they were 
mixed under water. This method was copied from Boulder Canyon 
operations and is reported in the August, 1935 issue of Rock Products. 
To insure against delivery of any materials other than those agreed 
upon as desirable and practically producible, inspection and identifica- 
tion was made at the source. As a matter of policy it was made clear 
to the producers that acceptance was not to be inferred because we 
elected to identify the materials at the source. This testing, reports 
of which were delivered with the shipments, was made to enable 
train crews to block out similar materials and to permit the batching 
plant inspector to anticipate the deliveries and the need for changes in 
the proportions which must be made when materials changed. Some 
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such method is necessary when quantities reach several hundred cars 
daily. 

Attempts to load and blend with mixing belts or by alternately 
loading different size groups in layers in the cars or on the barges were 
found to be unsuccessful in providing a uniform grading. Incidentally, 
bunker segregation of the coarse aggregates at the plant had little 
effect on the behavior of under water mixes. This reflects the advan- 
tage of separating into limited size groups and the use of excess mortar 
for this particular type of work. 

In addition to the emphasis given this finer fraction, control was 
made effective by limited tolerances on all the groups up to 1 in. 
With effective control over the intermediate sizes and with the right 
kind of mortar, either crushed rock or gravel for the larger materials 
could be used with little or no difference on the action of the mixture. 


PROPORTIONS 


Typical underwater concrete was designed with 50 per cent of sand, 
6 sacks of cement per cubic yard and a water-cement ratio by volume 
of 0.85. By way of comparison, structural concrete mixtures were 
designed with 37 per cent of the same sand, 5 sacks of cement (for 
heavy construction) and a water-cement ratio of 0.85. Thus, the 
underwater mixture contained 13 per cent more mortar than the regular 
structural mixes. The ease with which the underwater mix was placed 
and the uniform quality of concrete as determined from field samples 
and cores justified the use of this extra cement. The average com- 
pressive strength of 497 field cylinders in 28 days was 3721 p.s.i. 
Cores drilled through the seals showed uniform fabrication and density, 
and specimens made from these cores gave approximately 5000 p.s.i. 
at 1 year. 

The usual practice was to fix the combined grading from the trials 
and thereafter the batching plant inspector calculated the proportions 
of materials to maintain this combined mixture. This is a simple 
method for permitting the use of materials which depart somewhat 
from the specified gradings. Sample inspection reports are shown in 
Fig. 1 and 2. A tolerance in grading limits of five per cent was 
allowed. ‘This is not an unreasonably close tolerance and was fixed 
by the producers as adequate. Except in the finer fractions greater 
ranges were observed in testing, but no effect upon the mix was 
observed when these materials were used without changes in the 
proportions. The difference probably was due to relatively small 
changes in shape or size which made the quantities above and below 
the larger screens vary. 
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Fig. 3—UPon AN AERIAL PHOTOGRAPH OF SAN FRANCISCO BAY THE 
ARCHITECTS MADE A SCALE REPRESENTATION OF THE BRIDGE. THIS WITH 
THE MARKS ON THE PICTURE GIVE A GENERAL IDEA OF THE JOB 


There was practically no 14 to %-in. material in the aggregate. 
This size seems to be the cause of trouble when the mixes are loaded 
with the larger sizes. Whenever there appeared to be too much big 
rock in the mix we took out some of the middle and added it to the 
finest and coarsest materials. This made more big rock in the mix 
but it would disappear within the mortar. This is an example of 
particle interference and a correction. 


EQUIPMENT 


In addition to the type of mixture one of the important factors in 
underwater practice is the rate at which the concrete is placed. It is 
desirable that the mass of live concrete be as great as possible in order 
that the weight help to weld the mass together. Therefore, the selec- 
tion of adequate equipment was reserved for approval by the engineer. 
Plants furnishing materials, transportation facilities, batching plants, 
handling methods, tow boat power and navigation were all investigated 
in an attempt to foresee any possibility of a delay in seal operations. 
Control over these items is implied from a clause in the specifications 
which provided that seal operations should not begin until an adequate 
supply of concrete materials was assured at the site of operations. 
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Fic. 4—BucKET OF CONCRETE, WITH A CANVAS COVER, FOR PLACING 
UNDER WATER 


The concrete mixtures for marine work were batched with auto- 
scale equipment having a theoretical capacity of 250 cu. yd. of con- 
crete per hour. The batching plant was on the Southern Pacific wharf 
in Oakland and therefore was served by rail and water facilities. The 
mixer barges were equipped with four 3.5-cu. yd. mixers which were 
charged and discharged with belt conveyors. Since the discharge belt 
was on an incline it is apparent that underwater mixtures could not 
be liquid mixtures. Each barge carried 280 cu. yd. of dry batches to 
which the water was added at the pier site when mixing operations 
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Fic. 5—PLAcING FIRST SECTION STEEL FORMS FOR PIER E-3 


Fic. 6—DIGGING WELLS COVERED WHILE BUILDING UP—NOTE TRAYS 
FOR CROSS-WALL PLACING WITH VIBRATOR CONCRETE 
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Fig. 7—CoNncRETE TRANSFER BARGE, BETWEEN MIXER BARGE AND 
CAISSON 


were under way. Moisture tests were made for batching the aggregates 
and bécause of the loss of moisture in transit another test was run 
prior to mixing to fix the additional mixer water. 


Navigation during the heavy fogs was safely carried out even though 
all loads crossed the ferry lanes. This type of batching plant and mixer 
barge was selected because of the greater investment which would be 
required in barges if separate materials were delivered to the site. 
The transfer of full and empty barges under the tide conditions within 
the limited work areas around the pier sites would have been expensive 
if practical. 


An important part of the several types of equipment which were 
devised for this work was the concrete hoppers and skips. These 
were all devised to give the concrete batches a mixing action as they 
were discharged. The sides were battered and the discharge gates were 
located in the bottom, or partially in the bottom. The batches from 
the mixers were delivered into receiving hoppers before they were 
discharged into skips or buckets. This practice corrected any segre- 
gation by the belt conveyor. 


CONTROL OF PLACING 
Since the mixers were locked against discharge during the specified 
period of mixing, the practice of putting the full batch into the receiv- 


ing hopper before discharging largely controlled the rate of placing. 
The crane operators raced to keep the hopper empty. This required 
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Fig. 8—UNDERWATER CONCRETE DELIVERED BY BELT TO BOTTOM- 
DUMP RECEIVING HOPPER, THENCE TO BOTTOM-DUMP CAR, UP INCLINE 
TO UNDERWATER PLACING BUCKET 


that the inspector ‘bear down”’ frequently to be sure that the bucket 
was lowered gently into the water until submerged. Otherwise the 
canvas flap covering the concrete might be thrown out of position by 
the eddy currents and the surface of the concrete exposed to the 
wash as it was lowered into place. For tremie pipe practice this was 
not a factor, but there was a very marked tendency to lift the pipe 
so that the flow was continuous from the gantry hopper to the seal. 
After a few pipe seals were lost by this practice the hoist operator on 
the gantry damped the flow and allowed the pipe to fill slightly as 
the concrete was fed downward to the seal. This damper effect is 
produced by lowering the end of the pipe into the live seal concrete 
so that the back pressure will stop or slow the flow. 
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In sealing the cofferdam three tremie pipes were used together. 
They were supported in position by a gantry frame mounted on the 
same tracks on the top of the same frame as was used by the pile 
driver. Within the gantry frame three motor driven hoists were 
rigged to give separate control of the tremie pipe for damping and 
flow. Above this gantry and mounted on rails fixed to the top chord 
of the gantry frame a traveling hopper moved back and forth to dis- 
charge concrete into the tops of the tremie pipes. This traveling 
hopper was supplied by a whirley crane and bucket with concrete from 
the mixer barges. | 

Intermittently during the pour, inspectors sounded with a weighted 
eraduated wire for depth and position of the concrete. The State 
diver made inspections to confirm surface tests or soundings and with 
this check inspectors developed means of correlating the action of the 
concrete above and below water. 

The hazards of stopping operations were recognized and if conditions 
or events indicated that uniform results were not attained, placing 
operations were carried out cautiously during the time required to 
locate the cause and fix the remedy. As an example, if the usual 
mechanical troubles in batching plant operations delayed deliveries 
to the site notice was given immediately by short wave radio that the 
next barge would not arrive on schedule, therefore the rate of placing 
tremie concrete was cut down to insure that live concrete would be 
in the seal when the next barge arrived. 


Direct radio and telephone communication facilities were maintained 
between the state and contractors headquarters and pier sites as well 
as with concrete barges and tow boats. The engineers had a different 
wave length to that used by the contractors. 


SUMMARY 

A summary of our experience shows that we have emphasized the 
following points for placing concrete under water: They are all 
equally important and bear directly on any degree of success which 
we have attained: 

Prequalification of inspection personnel by means of reviews of 
appropriate literature together with occasional reports covering details 
of assignments especially as related to new problems and the means of 
solving them. 

Prequalification of equipment and methods as well as certain labor 
classifications to insure adequate quality and quantities. 

A division of aggregates into size groups, of such limits as to be 
readily produced by a variety of plants. 
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Requiring that each size group be furnished within 5 per cent of the 
specified size limits. 


Those mixtures which could have been used to economize on the 


cement were rejected in favor of the mixtures which provided greater 
assurance of uniform fabrication under water. 


The work upon this project was carried on under the direction of 
C. H. Purcell, Chief Engineer, Charles E. Andrews, Bridge Engineer, 
and Glenn B. Woodruff, Engineer of Design. Preliminary studies of 
concrete materials and concrete as related to the preparation of con- 
crete specifications were made under the direction of T. E. Stanton, 
Materials and Research Engineer, Division of Highways, State of 
California.. Design and control of concrete mixtures was under 
supervision of the concrete staff of the Materials and Research Labora- 
tory. Concrete placements were made as directed by V. A. Endersby, 
Resident Engineer, Contracts 4, 4A, and 8, and I. O. Johlstrom, 
Resident Engineer, Contract 2. These contracts covered all work 
involving underwater concrete. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for May-June, 1936. Discussion should 
reach the Secretary by April 1, 1936. 


Discussion of a Paper by Messrs. Ruetigers, Vidal and Wing: 


‘(An INVESTIGATION OF THE PERMEABILITY OF Mass Con- 
CRETE WITH PARTICULAR REFERENCE TO BOULDER 


Dam’’* 


AUTHORS’ CLOSURE 
Tue AUTHORS are appreciative of the interesting and helpful dis- 
cussions submitted by Messrs. Mary, Carlson, Norton and Pletta, and 
Meyers. The theoretical discussion of the chemical reactions which 
take place as water percolates through concrete and of the differences 
likely to be caused by waters of varying composition helps materially 
to round out the subject. 


The original paper was based on tests of 138 concrete specimens. 
Since its presentation the results of about double this number of tests 
have become available for analysis. In addition the writers have had 
access to the excellent reports on the same subject by Mr. Maryf, 
whose test equipment is similar to that used by the Bureau of Reclam- 
ation but whose test specimens were made with higher water-cement 
ratios. A study of the present data has confirmed, in general, the 
conclusions in the original paper. Increased use of the permeability 
coefficient has demonstrated its utility for reducing test data on speci- 
mens of different sizes to a common basis, for comparing the work of 
different experimenters, and for estimating for actual structures the 
adequacy of a given mix with respect to percolation. It is not claimed 
that the coefficients are perfect indices of relative permeability or 
that by their use accurate forecasts of flow through field structures can 
be made. The experimental coefficients, even with the exercise of the 
greatest care in testing, are disappointingly variable and the true 
influence of such factors as time and skin effect can only be obtained 
by accumulating more data. However, even if an estimate of the 
expected leakage through the internal pores of a field concrete can 


*JourNnaL, Amer. Concrete Inst., Mar.-Apr. 1935; Proceedings, Vol. 31, p. 382; for discussion see 
Sept.-Oct. and Nov.-Dec. Journaw 1935, Proceedings this Volume, p. 125 and 230. 


+Annales des Ponts et Chaussees (Mar.-Apr. 1933 and Noy.-Dec. 1934). Reviewed by B. Moreell, 
Journat, Amer. Concrete Inst., May-June 1935; Proceedings, Vol. 31, p. 571. 
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be made within several hundred per cent it is better than no estimate, 
and for those cases for which chemical deterioration by percolating 
water is likely to be a controlling factor this uncertainty, great as it 
is, may be cared for by a relatively small change in the mix. 


The original paper indicated that inasmuch as the usual aggregate 
can be considered impermeable as compared to the paste, percolating 
water may be conceived as flowing alternately through the pores 
between cement grains and the much larger interstices formed by the 
settlement of the paste below aggregate particles. While the tightness 
of paste made of commercial cement is probably largely controlled by 
the water-cement ratio, the characteristics of the cement with respect 
to fineness and chemical composition are certain to be modifying 
influences as implied by Mr. Meyers. Unfortunately the permeability 
tests of the Bureau covering these characteristics were too few to 
yield conclusive results, and the only permissible inference is that the 
differences in the cements used were of less importance than the water- 
cement ratio. The other main factor controlling the rate of percolation, 
namely the formation of large interstices below aggregate particles, 
seems to be a function of the grading and size of the aggregate and of 
the settlement characteristics of the paste. 

Mr. Carlson’s microscopic work explains why the hydration of the 
cement, though causing but a small decrease in the void space, results 
in a reduction of the permeability of the order of ten thousand times. 
The colloidal gel with perhaps a porosity of 90 per cent is, according to 
Mr. Carlson, practically impermeable. Of interest in this connection 
is a recent test made by the Bureau. 

A 6-in. diameter concrete specimen, 2 in. thick, of 1:3.5:3.5 mix, 
with 34-im. maximum aggregate and 0.70 water-cement ratio, was 
subjected to the usual percolation test at 200 pounds pressure giving 
an uncorrected value of K, = 134 x 10°”. At the close of the test 
salt water of known concentration was substituted for city water and 
the percolation test was continued until by analysis salt water of 
substantially constant concentration came through the specimen. 
Frequent analyses of the issuing water were made, from which three 
useful facts were obtained. First, the time at which salt initially 
appeared in the filtrate permitted a computation of the velocity of the 
water passing through the largest pore; second, the time at which the 
issuing water was of about the same salt concentration as the initial 
supply gave an approximation of the velocity of the smallest pore; and 
third, the total amount of salt solution absorbed by the specimen was 
a direct measure of the total pore space. The computed velocity in 
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the largest 8 ft day, the nominal mean velocity eee 

gest pore was 8 ft. per day, Ax% voids 
was 0.15 ft. per day, and the velocity in the smallest pore 0.016 ft. per 
day. The absorbed salt solution was 19.8 per cent by volume of the 
specimen or 97 per cent of the volume of the free water (added) at 
the time of the mix. Thus the minimum, nominal mean, and maximum 
velocities through the pores were in the relation of 1:10:500. As it is 
to be expected that the greater portion of the measured discharge 
comes from the larger pores it is indicated that most of the water 
flows at a rate of 40 to 50 times that computed by using the coefficient 
K,. 

Various experimenters studying flow through granular materials 
have estimated that the velocity of flow through irregular pores is 
from 1/20 to 1/100 of the velocity in a uniform tube of equivalent 
volume. On this basis the equation for the velocity of flow through a 


pore in concrete is V = 2000 a in which ‘‘d’’ is the diameter in 


feet of the equivalent uniform pore. Substituting in this equation 
the measured velocities and known hydraulic gradient gives the dimen- 
sion of the smallest and largest equivalent pore as 0.05 and 1.2 microns 
respectively. Less than 10 per cent by weight of the cement is smaller 
than the latter dimension. These quantitative dimensions though 
subject to large error probably give at least the order of size of the 
pores in the concrete specimen tested. This is a matter of interest in 
considering alternative methods for improving the watertightness of 
concrete. 

This single test is presented mainly with a view to its future possi- 
bilities. If instead of a diffusing salt solution an immiscible fluid such 
as gasoline were to be used, such a fluid would displace only water in 
the active pores. It would then be possible from the analysis of the 
filtrate to obtain data more characteristic of the pore distribution. A 
better knowledge of the fundamental makeup of the internal structure 
of concrete to which this type of test should contribute might explain 
many apparent anomalies to existing data. 


From the discussions of Messrs. Norton and Pletta, and Mr. Mary 
it appears that some clarification of the purpose, experimental methods 
and theory of percolation tests as carried out by the Bureau is required. 
The Bureau’s tests were made for the definite purpose of estimating 
the effect of percolating water on the concrete of Boulder Dam over a 
long period of years. As any effect produced would be related to the 
total amount of water which had percolated, the first requirement was 
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an estimate of an average rate of flow which would be applicable for 
an indefinite period. The rate of flow through a pore, as in a pipe, is 
governed by its cross-sectional area and by the character of the pore 
surface. It seemed, therefore, that for a test to be of value it not only 
would have to be made under conditions of more or less complete 
hydration of the cement but also that the specimens would have to 
be made from the actual proposed mix. Otherwise the pores tested 
would bear no resemblance to those for which information was required. 
Moreover, even for relative results, theory seemed to indicate that 
comparisons made of rates obtained early in the test before the pores 
were completely filled with water, might be no more characteristic of 
the relative rates which would obtain during the life of the concrete 
than would rates of filling reservoirs be characteristic of the rate of 
passage of water through the reservoirs when full. For these reasons 
the writers disagree with Mr. Mary’s proposal to compare rate curves 
as a whole in which the initial rates obtained during the filling of the 
pores are combined with the rates after steady flow is established. 
The same objection is applicable to Messrs. Norton and Pletta’s 
method of using the 40 to 50 hour rates for comparing 6-in. specimens 
tested at 40 to 100 pounds pressure. 

The absorption curve of Fig. 2 in the original paper, derived from 
the difference between the measured inflow and outflow from a speci- 
men under 400 pounds pressure shows that for this 6-in. specimen the 
absorption continued for some 300 hours. At 100 pounds pressure, 
as used by Norton and Pletta, 1200 hours would have been required 
to produce the same saturation. The space into which this water was 
absorbed was largely created by the hydration of the cement. Had 
some of the free water been removed from the pores by previous 
exposure to normal room humidity and temperature the absorption 
would have been materially greater and a longer time would have been 
required for saturation. It seems certain that rates taken as early as 
40 or 50 hours at comparatively low test pressures will be greatly 
influenced not only by the initial type of curing but also by the extent 
to which the pores happen to be saturated with water, a characteristic 
varying greatly with small changes in humidity and procedure. 

Except in special cases the tests of the Bureau were generally made 
on 2 to 4-in. slump concretes with workabilities eminently suitable 
for field use. Cylinders were cast using a standard procedure for 
compaction except that very large pieces of aggregate were hand- 
placed to insure uniform distribution. Compressed oxygen cylinders 
were used to supply pressure to the water reservoirs. The permea- 
bility coefficient was derived first by dividing the measured rate of 
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TABLE 3—AVERAGE PROPERTIES OF PERMEABILITY SPECIMENS, AND TEST RESULTS 
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General: All specimens were fog cured at 70° F. 
Yosemite Special cement and Boulder Dam aggregate were used in all specimens. 
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A a ke Set r= a QoQ Gi q a ms dq 4 q I rel nS H+. ° 
35 2 as JE 8 Ag Bs 42) e & aa 4B & 4B 48 a 
; : a © ay ° ® @ 
pg | Be | 23] as] d | x8] st lacs 18] 288| geslae lek | 2 
EFFECT OF WATER-CEMENT RATIO WITH NEARLY EQUAL PASTE CONTENTS 
STOO Wa erase soe hse ok otliace ae: Oia teserall n eiape © lias oes i sneha at ORES Oilers tame, eweeeate oe 120:000 easter iT 
5,100 151.8 | 95.9] 22.3] 1.42] 25.5] 12.7) 2.6 | 0.556 3 2 8 16 
4,070 149.9 | 95.3] 22.3] 1.32) 26.0] 13.3] 3.2 | 0.583 3 3 12 23 
Av sceyays 150.5 | 96.4] 22.3] 1.24] 25.2] 13.8] 2.4 | 0.610 6 5 20 36 
areca Seah 152.9 | 98.1] 22.3] 1.20] 22.8) 14.8] 0.4 | 0.632 4 3 13 20 
Pin Cea 151.0 | 97.6] 22.3] 1.07] 24.2] 15.7) 0.8 | 0.672 85 75 310 480 
Saban 152.5 | 99.1] 22.3] 0.99] 23.0] 16.6] 0.0 | 0.700 110 80 350 480 
1,200 | 151.6 | 99.7] 22.3] 0.81} 22.5] 18.1] 0.0 | 0.757 7,110 | 4,670 20,700; 25,800 
ll Na le in Se Pe ae ele 
EFFECT OF MAXIMUM SIZE OF AGGREGATE 
Saye deacia 149.4 | 97.4] 24.2] 1.16] 26.2] 17.4] 0.6 | 0.672 14 14 55 80 
tee 151.0 | 97.6| 22.3] 1.07] 24.2] 15.7] 0.8 | 0.672 85 75 310 480 
POCO e 151.8 | 96.0] 20.0] 1.00] 23.3] 14.7] 1.8 | 0.672 75 90 390 610 
Ey Re 154.0 | 98.1] 18.2] 0.86] 19.9] 12.7} 0.9 | 0.672 240 220 1,100} 1,730 
ba evasoserd 153.3 | 97.7| 18.2] 0.86] 20.1} 12.7) 1.2 | 0.672 220 160 800| 1,260 a 
EFFECT OF WATER-CEMENT RATIO ON NEAT CEMENT SPECIMENS 
“ce CORSE S| Stato cats aes bo kee | feces ees foueosc OO RONMG Os sdl | rere cecealltetey aueteneues] setro vedere) elles atone 100 150 
Saraamane TOBE, Mea cllseoe allen co PODEOW RANGE ee oo linmoecn olla co ona 1,830] 2,570 
Ree etait ON), i os diac alma welUKCOLOW VeanG = coaie omens o|lon coco ows O60 3,730| 4,930 
Be eae || wancvepeeenss|(nasotegls,| Saekeneh= | ote siiaus MOOS ONES sO heavertenas lees suetecvenee | evexateloueren echo abe 8,530} 10,800 
EFFECT OF TYPE OF COMPACTION Bd 
Zeneca 151.0 | 97.6| 22.3] 1.07] 24.2] 15.7] 0.8 | 0.672 85 75 310 480 
PIG ORD 151.0 | 97.6] 22.3] 1.07| 24.2] 15.7] 0.8 | 0.672 21 14 60 90 | ** 
END EFFECT OF SPECIMENS 
Poe areca 151.0 | 97.6} 22. 1.07] 24. Toe G0ns: 1 One72 65 70 290 450 
Aiehare (oa 151.0 | 97.6| 22.3] 1.07] 24.2] 15.7] 0.8 0.672 85 75 310 480 
etacieher nae 151.0 | 97.6] 22.3] 1.07] 24.2) 15.7) 0.8 0.672 190 200 830; 1,270 
6 RSE 151.0 | 97.6| 22.3] 1.07] 24.2] 15.7) 0.8 | 0.672 170 180 740} 1,150 
EFFECT OF DIRECTION OF PRESSURE APPLICATION 
SOE 136.5 | 88.1| 33.5] 1.72] 41.4] 25.6] 3.3 | 0.676 14 23 55 90 
eabodos 136.5 | 88.1] 33.5] 1.72] 41.4] 25.6] 3.3 | 0.676 14 20 50 80 | TT 
A ey etast 151.0 | 97.6| 22.3] 1.07] 24.2) 15.7] 0.8 0.672 84 70 290 450 
aT oes 151.0 | 97.6] 22.3] 1.07] 24.2] 15.7] 0.8 | 0.672 150 80 330 510 | tt 
probate ieucht 154.0 | 98.1] 18.2] 0.86] 19.9] 12.7] 0.9 0.672 240 220 1,100] 1,730 4 
ates zestoue 154.0 | 98.1] 18.2] 0.86] 19.9] 12.7) 0.9 0.672 330 190 960} 1,500 | tt 


+Kp was estimat 


°Valves of Ke 
tThe individu 


for this 
al valves 


ed from a one-hour test. 
group have been corrected for effect of age only. 
of Ke were very erratic—540, 100, 7 and 4. 


**Specimens were compacted by vibration. 


++Specimens were tested upside down. 
ttWater pressure was applied at right 


angles to the direction of casting. 
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discharge at 250 hours plus one-half the time to visible outflow, by 
the gross area of the specimen and then reducing the rate to its equiva- 
lent at unit hydraulic gradient. This value was reduced, if necessary, 
to a value equivalent to 60 days of total cure and to a result which 
would have been obtained had a 12-in. specimen been used, by means 
of the correction curves presented in the original paper. The value 
thus obtained is called K,. The coefficient K, was obtained by 
dividing K, by the per cent volume of paste in the mix. Likewise K, 
equaled K, divided by the per cent by volume of original water in the 
mix as this volume of water was found to approximate the total pore 
space in the cured specimen. K, is a direct measure of the mean 
nominal velocity of the water in the pores and is considered to be the 
significant coefficient for the purpose of comparing the probable 
relative resistances of concretes to deterioration by percolating water. 
Later in this discussion experimental data are presented showing that 
at least in comparing neat cements and concretes complete reversals in 
the order of permeability are found depending on whether the speci- 
mens are arranged according to K, or K,. 


It should be emphasized that while a concrete may have a minimum 
permeability coefficient K, as defined, it may at the same time be less 
suitable than another concrete of equal or higher permeability for 
resisting the deterioration caused by water moving through the pores 
by capillarity and/or by freezing, inasmuch as the factors controlling 
capillary flow are not the same as those for flow under pressure. 
Failure near foundations or at water level due to capillary water is a 
common phenomenon yet, as far as the writers know, few suitable 
tests have been made to define this characteristic. 

Though not directly applicable to an author’s closure of a paper it 
is thought that presentation of the more important of the additional 
data obtained since the original paper was published will be welcome. 
Table 3 tabulates the average physical properties of the specimens and 
the derived permeability coefficients for these tests. Some idea of the 
difficulties of the experimental technique may be obtained by exam- 
ining the computed absolute volumes of paste as given in Column 20 
under “Effect of Water-Cement Ratio with Nearly Equal Paste Con- 
tents.” In this series constant absolute volumes of paste and aggre- 
gates were used, and as the aggregate structure is the same for all 
specimens, the tests show the effect on permeability of variation in 
the ratio of the absolute volume of water to cement in the pores” 
between the aggregate grains. In spite of great care, entrained air 
(which is considered a part of the paste) caused the volume of the 
paste to vary from 22.5 per cent to 26 per cent of the volume of the 
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Fig. 14—ApDDITIONAL DATA ON PERMEABILITY COEFFICIENT OF PASTE 


mix, a 16 per cent variation. 


The permeability coefficients found for 


this series are plotted in Fig. 14. This curve of coefficients for 1}4-in. 
maximum aggregate mixes is of theoretical rather than practical 
interest, for with the slump varying from 0 to 8} in. the mixes are 


not uniformly workable. 


Differing as the curve does from the earlier 
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114-in. series of Fig. 9, (reproduced in Fig. 14) it indicates that the 
proportions, grading and consistency of a mix may be factors affecting 
permeability. 

Additional tests were made for the purpose of clearly showing the 
effect of maximum size of aggregate. As shown in the table the ratio 
of paste to sand was kept constant but the quantity of coarse aggre- 
gate and its maximum size was varied in such a manner that the slump 
was approximately uniform. The coefficients from this series of tests 
are also plotted on Fig. 14. It can be seen that in general they check 
the points given by the previous curves though the departure of an 
individual value from a specific curve is large. 

One of the most interesting of the recent tests is a series made on 
neat cement with varying water-cement ratios, ‘the results of which 
are likewise plotted on Fig. 14. Contrary to the commonly stated 
view that neat cement is practically impermeable, the K, values indicate 
that at any given water-cement ratio the neat paste is more permeable 
than the series made with 114-in. maximum aggregate and constant 
paste content and much more permeable than mortar. Moreover if it 
be compared on the basis of leakage of water per unit of gross area 
(K.) it will be found that the neat cement specimens are the most 
permeable of all the mixes tested. With this characteristic of neat 
cement in mind it can be seen that the design of a mix for optimum 
impermeability consists in the addition of properly graded aggregate 
to a given paste in an amount sufficient to break up the direct passages 
of water through it to the greatest possible extent, but at the same time 
in the avoidance of a quantity or grading of the aggregate of a type 
tending to the formation of pores by paste settlement. That neat 
cement is so permeable may at first seem unreasonable to those who 
have depended upon it for watertight facings and the like. In such 
cases however the use of a much lower water-cement ratio in the paste 
than is practicable for the concrete on which it is placed may make it 
the more impermeable of the two materials and thus serve a useful 
purpose. Computations as made in the original report together with 
tests to determine the effect of shrinkage cracks are required to show 
the practical merit of such facings. 

Mr. Mary questions the serviceability of permeability coefficients 
for correlating tests betwen various experimenters. Nevertheless by 
their use he has found that his specimens are apparently more perme- 
able than those tested by the Bureau and has taken steps to discover 
the reason. His mixes, made at water-cement ratios which are high 
for American practice, appear to be about five times as permeable as 
similar specimens made by the Bureau at those ratios, but are appar- 
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ently only slightly above the results obtained by various other exper- 
imenters if the various approximations made to reduce their results 
to a common basis are reasonably correct. It is possible that Mr. 
Mary’s method of placing the concrete in the molds was enough 
different from that used by the Bureau to produce substantial differ- 
ences in results. In Table 3 are given permeability tests comparing 
the effect of vibration with the standard rodding method of placement. 
Vibration reduced the permeability to one-fifth that found for the 
standard method. Glanville reports a hundred per cent variation in 
permeability in certain of his mixes due to changes in the amount of 
rodding of specimens. 

It is thought that conclusive evidence has been obtained concerning 
the disputed point as to whether or not permeability varies with the 
direction in which water percolates through concrete. Table 3 includes 
the results from a number of large companion specimens made of 
mixes varying from 4 to 4¥%-in. maximum size aggregate, one test of 
each pair being made in the direction of pour and the other at right 
angles to it. The results indicate no variation in permeability coeffi- 
cient with change in direction of flow. 

Commercially it is important to know the effect of various periods 
of field curing with respect to permeability. While certain definite 
minimum requirements with respect to curing are required on account 
of such factors as strength, shrinkage, possible damage by freezing 
and the like, it has been suggested at times that additional curing 
would be advantageous from the viewpoint of percolation. On Fig. 15 
are plotted the percolation curves for specimens made of a 1:2.72:2.78 
mix with water-cement ratio of 0.60 in a series of tests made for the 
purpose of determining the effect of interrupted curing. The speci- 
mens were cured for varying periods, dried to constant weight at 
120° F. in a ventilated heat chest and then tested for permeability. 
Three hours after the percolation test began, for initial curing periods 
of 1, 3, 7 and 14 days the discharge rates were in the relation of 25, 
12, 5 and 1 respectively, showing the relative effect of the initial cure. 
These relative values are only approximate for, as already pointed 
out, steady flow had not been established. Comparing the specimens 
at an age when the period of initial cure plus the time under test is 
the same, thus approximating equivalent total cures, then for 28 days 
of total cure the discharge rates are in the relation of 3.5, 1.8, 0.8, 1.0. 
However a relative coefficient of only 0.25 at the end of 28 days was 
estimated for an undried companion specimen. 

From these tests the following tentative conclusions may be drawn. 
If concretes of a given mix are completely dried once at 120°, within a 
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Fig. 15—EFrFrect OF INTERRUPTED CURING 


range of tests extending to 28 days, there will be but small differences 
in the final permeability regardless of the length of initial cure, pro- 
viding the concrete has been cured at least 24 hours. However com- 
plete drying of the specimen at 120° F. is apparently accompanied 
by a change in the pore structure which permanently increases the 
permeability several hundred per cent within the time limits of the 
tests. 

Since the publication of the original paper additional data have been 
obtained on the effect of leaching on the compressive strength of 
concrete. As very little information of this sort has been published, 
the results from all the tests are presented in Fig. 16. The tests were 
made on mixes varying from 1:6:11 to 1:10:18 with water-cement 
ratios varying from 1.2 to 2.0. The graph indicates that 16 to 20 
per cent of the cement content of the concrete (measured by per cent 
removal of lime) may be removed without loss of strength, the 6 per 
cent lower strength shown being attributed to the saturated condition 
of the specimen. With one-third of the cement removed about 11 
per cent of the initial strength of a saturated specimen has been lost, 
the rate of loss then being about 1 per cent per 1 per cent removal of 
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8 2 16 20 7 28 
PER CENT OF LIME (CoO) REMOVED FROM LEACHED SPECIMEN 
By analysis the cement used in these specimens was found to contain 65.54 per cent CaO by weight, 


Fic. 16—r5FFECT OF LEACHING ON COMPRESSIVE STRENGTH 


cement. It is of interest that even with one-third of the original cement 
removed, the rate of flow through the specimen still is substantially 
constant. 


The authors wish to apologize for an error made in abstracting data 
from the tests of Messrs. Norton and Pletta. On Fig. 9 these tests 
are referred to as ‘Wisconsin Gravel.’ The original Norton and 
Pletta test data are given on page 1125, JouRNAL of the American 
Concrete Institute, Vol. 27, and were tests made on 6-in. specimens 
at 40 pounds pressure and cured about 40 days. If it be estimated 
that the rate measured only 40 to 50 hours after the start of the test is 
three times that which would exist once the voids became saturated, 
and if from these values the coefficient with respect to paste is obtained 
by applying the same corrections for end effect and length of cure as 
in the Bureau’s tests, the corrected coefficients will be about two and 
one half times the values plotted on Fig. 9. 


Now that Boulder Dam has been completed and during the last 
six months has been exposed to some 300 ft. of water, it is deemed 
appropriate in closing to comment briefly on the behavior of the con- 
crete, particularly in view of the opinions expressed by the authors 
in their original paper. Recent careful inspections of the galleries 
near the upstream face of the dam have shown that while there is 
indication of moisture along about 2 per cent of the construction and 
contraction joints exposed by the galleries and at half a dozen small 
isolated spots on the faces, at no point is there measurable leakage 
and the concrete as a mass is dry. It was for assurance of this result 
that the percolation tests were made. 


Current Reviews 


of Significant Contributions in Foreign 
and Domestic Publications, prepared by 
the Institute’s corps of Reviewers. 


Reinforced concrete slabs for air-raid protection 

Ruepxe, Zement, Vol. 24, No. 49, Dec. 5, 1935, p. 786-8. - Reviewed by Inen Lysx- 
This article discusses the necessity of constructing special vaults for the protection 

of the civil population and describes the type of construction used for a section of 

houses recently constructed in Breslau. The vaults are provided with two-way rein- 

forced concrete slabs, designed not only for ordinary load conditions but also an 

additional load of 2500 kg. per sq. meter as prescribed by the police department. 


Abrasion test for concrete 


A. Gutrmann, Tonindustrie Zeitung, Vol. 59, No. 77, p. 949-51, Sept. 23, 1935. 
Reviewed by A. E. Brerriice. 


A description is given of a simple device to be attached to the Boehme grinding 
table to make abrasion tests on concrete cubes. Slight differences between resistences 
against abrasion can be detected, such as are caused by thé use of various brands of 


cement. The test is especially useful when aggregates are used whose resistence to 
abrasion is unknown. 


Wind stresses in reinforced concrete arch bridges 
A. A. Bremin, Proc. Am. Soc. C. E., Vol. 61, No. 10, Dec., 1935, p. 1453. Reviewed by H. J. GitKry. 
Wind stresses in arch bridges may be considerable, an extreme case being a 426-ft. 
arch bridge in Germany, in which wind stresses are 55 per cent of the total. While 
wind stresses frequently do not receive enough attention, there are some cases of 
heavy, unsightly and uneconomic design. The subject is treated mathematically for 
the arch rib without bracing and also for braced arch ribs. An illustrative example is 
given. Notation is covered in an appendix. 


Reinforced concrete members under direct tension and bend- 
ing 

D. B. Gumensxy, Proc. Am. Soc. C. E., Vol. 61, No. 10, Dec., 1935, p. 1469. Reviewed by H. J. GrtKey. 
Combined tension and bending has received less attention than has compression 

combined with bending. The problem assumes importance in the design of the 

Vierendecl truss and especially in the design of closed water conduits under pressure. 

The treatment is condensed, outlining the method and also indicating a type of 

diagram (in two different forms) that can be constructed to facilitate solutions. 
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The construction of silos by the Macdonald system of sliding 
forms 
F. Srreun, LeGenie Civil, Vol. CVII, No. 13, Sept. 28, 1935, p. 296-98. Reviewed by R. L. Bertin. 
This article describes in detail this type of sliding forms and their application to the 
construction of 15 cell silos in Asnieres, France, which are 7 meters in diameter and 
24.50 m. high, the walls of which are 10 em. thick. This structure was erected at the 
average rate of 1.70 to 1.80 m. per day. The article is well illustrated. 
This system of construction is exploited exclusively in France and her colonies by 
“Societé de constructions en beton a coffrages glissants” of Paris. 
Another article dealing with sliding forms was published in the May 28, 1932, issue 
of LeGenie Civil. 


Methods for testing watertightness of concrete and mortars 
RaGnar Scutyter, Technisk Tidskrift, Vol. 65, No. 52, Dec. 28, 1935. Reviewed by INer LysE. 

This article describes the methods adopted by the Swedish Material Testing 
Laboratory for testing impermeability of mortar and conerete. The test specimens 
consist of cylindrical or octagonal prisms which are made with a hollow center section. 
The water pressure is applied in this section and the permeability is measured by 
determining the amount of water collected in a container. If the specimens show no 
leakage, the permeability is judged by inspection of how far the water has penetrated 
into the concrete. The water pressure varies with the age of the specimen and is 
applied for two days. The method provides for a simple and quick means of ascertain- 
ing the watertightness of the concrete used on any construction job. 


Moving seven miles of pavement twelve feet sidewise 


S. Jonannesson, Engineering News-Record, Vol. 115, No. 28, Dec. 5, 1935, p. 767-71. 
Reviewed by N. M. Newmark. 


A concrete pavement slab 141% ft. wide, the western strip of a road 39)4 ft. wide, 
is being shoved westward 12 ft. in 500 ft. sections to form a part of New Jersey State 
Highway No. 26, U. S. No. 1, south of New Brunswick, N. J. An additional 10 ft. 
slab will be constructed west of the moved slab, to form a 25 ft. roadway for south 
bound traffic. The remaining part of the old roadway will carry northbound traffic. 

Movement of the slab is accomplished by ingenious use of fire hose inflated by 
compressed air. After the movement is completed the slab is raised to proper grade 
by mud-jacking. Complete details of the entire process are described. 


Analysis of set concrete 
Cement and Cement Manufacture, Vol. 8, No. 12, Dec., 1935, p. 303-6. Reviewed by J. C. PEARSON. 
This article describes in detail the Australian Standard method for the Analysis 
of Set Concrete. The procedure cannot be adequately reviewed in brief space, and 
this reference is given, along with two similar references to this same magazine, 
merely for the information of chemists and others who may be sufficiently interested 
to compare these methods with that of A.S.T. M. An English Method, supplied by 
two well known London firms, R. H. H. Stanger, and Woodcock and Mellersh, is 
presented in the April, 1935, issue, p. 108-113. Dr. C. R. Platzmann presents the 
method used in Germany under the title, Determination of the Proportions in Mortar 
and Concrete, in the Nov., 1935, issue, p. 257-260. 


Dipping concrete roofing tiles 


R. H. Baumcarten, Concrete Building and Concrete Products, Vol. 9, No. 1, Jan., 1936, p. 5-6. 
Reviewed by J. C. PEarson. 


The dipping of concrete roofing tiles, after they have been removed from pallets, 
in solutions containing chemicals and pigments, appears to be common practice in 
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England. The purpose is to fix the color, to obtain uniform surfaces, and to color the 
edges of the tiles if this is not done in the manufacturing process. Ferrous sulphate 
solution with added pigment is commonly used for red, brown, yellow or black tiles. 
The author finds ferric chloride preferable to the sulphate, provided the slightly 
orange tint which this salt produces is not objectionable. Copper sulphate is used 
with green pigments. Details regarding the various solutions are given, also a 
description and photographs of the simple equipment required. 


The protection of concrete in sea water 


Ricuarp Grun, Tonindustrie Zeitung, Vol. 59, No. 96, 97 and 98, p. 1185-6, 1202-3, 1213-5, Nov. 28; 
Dee. 2, 5, 1935. Reviewed by A. E. Brirricu. 


The chemical methods, such as treatments with fluorides, carbon dioxide and 
oxalic acid are discussed and it is shown that the carbon dioxide treatment (exposure 
to air) is the simplest method which can be made more effective by artificial neutrali- 
zation of the lime. Great density alone is no sufficient protection for concrete against 
aggressive sea water. Results with protective coatings which meet the specifications 
for such materials are compared with long-time tests of storage in the field and 
aggressive sulfate solutions. The various properties of coatings and their protective 
value are illustrated. Some consideration is given to the use of certain pigments in 
coatings and the application of the coatings upon various surfaces. 


Cement for concrete roads 


Ricuarp Grun, Tonindustrie Zeitung, Vol. 59, No. 72, p. 882-8, Sept. 5, 1935. 
Reviewed by A. E. Britiica. 


A systematic investigation of cements as to their suitability for concrete road 
constructon revealed certain important facts which showed additional requirements 
beyond the standard specifications for such cements which are chiefly used in road 
work. Such requirements are a longer setting time, high flexural strength and low 
shrinkage. Cements which are too finely ground are not recommended. Other 
favorable properties are low heat of hydration, little shrinkage during cold or dry 
weather periods, good bond with aggregates and high elasticity. The author con- 
cludes in saying that a study of the properties involved and a careful selection of 
cements already tested in the field will yield a perfectly suitable cement for roads. 


Ingenious relining procedure in a traffic-burdened tunnel 
Engineering News-Record, Vol. 115, No. 23, Dec. 5, 1935, p. 774-9. Reviewed by N. M. NewMark. 

The 6.21 mile Moffat railroad tunnel was originally lined with timber for more than 
half its length. Rapid deterioration due to frequent wetting and drying necessitated 
expensive maintenance; consequently it was decided to cover or replace the lining 
with reinforced concrete at an estimated cost of nearly $900,000. 

The conerete lining was designed for a working strength at any point equal to the 
ultimate strength of the existing timber lining. Part of the timber is removed, the 
rest left in place and covered with a minimum thickness of 6 inches of concrete. 
Extreme caution must be observed in disturbing the original timbering. Train and 
smoke interference add to the difficulty of the work. In spite of these handicaps a 
steady progress of 40 ft. of complete tunnel per day has been maintained. i 


Wearing surface of concrete floors 


E. Supnson. Reprint of a Lecture given before Hospital Inspectors, Sept., 1934, Copenhagen. 
Reviewed by Incr Lysx, 


Two of the important properties of wearing surfaces of floors are light weight and 
small thickness. Other problems for consideration are low cost, high durability, 
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pleasing appearance and such questions as sound and heat insulation, easy cleaning, 
water tightness, acid resistance, and fireproofing. These problems are discussed by 
Professor Suenson for different requirements. He continues with discussion of types 
of soft surfaces such as cork, rubber and linoleum, medium types such as asphalt, 
magnesia mortar, wood, wooden fiber blocks and asphalt blocks, and hard surfaces 
such as cement mortar, terrazzo, natural stone and artificial stone and clay blocks. 
Advantages as well as disadvantages are pointed out for the different surface ma- 
terials with information of how to obtain the best results with each. 


Design of concrete mixes for Mississippi River dams 


Rawuprx P. Jounson, Engineering News-Record, Vol. 115, No. 22, Nov. 28, 1935, p. 743-6. 
Reviewed by N. M. NEwMARK. 


The remolding apparatus used by T. C. Powers in studies of workability (JourNaL 
A. C. I., Vol. 27, 1932, p. 419) was used with a trial mix method in proportioning the 
mixes for some 430,000 cu. yd. of concrete in five locks and two dams of the St. Paul 
Engineer District. A description of the concrete requirements specified, the design 
of the mixes, and a discussion of the results obtained, are given in this article. 


The mixes used at the various jobs were changed from time to time as the grading 
of the available aggregates changed. Uniform workability was maintained by the 
manner of designing the mix. The amount of cement used was, in general, the 
minimum specified, 4.5 bags per cu. yd. of concrete; and the water cement ratio 
averaged about 6 gals. per bag of cement. Compressive strength at 28 days averaged 
3500 to 4000 p. s. i. 


Lime modulus, lime saturation and lime standard of portland 


cements 


Hans Kuutu, Tonindustrie Zeitung, Vol. 59, No. 100, p. 1221-4, Dec, 12, 1935. 
Reviewed by A. E. Brirricn. 


The author gives a critical discussion of a number of moduli, introduced into the 
cement chemistry by himself, Rordam, Forsén, Lea and Parker, and others, which 
express the ratio between the actual lime content of a portland cement and the highest 
theoretically possible lime content of the same cement. These moduli vary depending 
on which theories of cement constitution they are based and to which type of cement 
they are applied: portlands with high iron and low alumina content and such with 
low iron and high alumina content. He points out the slight differences between his 
formula and the one proposed by Lea and Parker. For future work, he suggests the 
use of the Lea and Parker formula which is: CaOgrang =2-8 SiO. + 1.18 AlLO; + 
0.65 Fe,0;, with his definition which is: The lime standard is that amount of lime 
which can be combined by the hydraulic factors at the sintering temperature accord- 
ng to chemical equilibria. 


Studies of equipment for compacting concrete in highways 
Orro Grar, Die Betonstrasse, Vol. 10, No. 12, Dec., 1935, p. 245-50. Reviewed by Incr Lyssz. 
The enormous undertaking of Germany’s governmental automobile highway 
system made it necessary to investigate the relative merits of different methods of 
placing concrete—among them vibration. Some of the questions raised were: (1) 
what types of equipment are available for highway concreting, (2) how many times 
should the vibration be applied, and (3) how thick a layer of concrete can be effect- 
ively vibrated into place? Professor Graf’s report contains a description of the 
different vibrators used as well as a discussion of the methods employed and the test 
specimens produced. Four different vibrators were studied. Their weights varied 
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from 38 to 111 kg. and the speed of vibration from 1200 to 4000 per minute. The 
test specimens consisted of slabs and control cubes. The slabs were tested for 
modulus of rupture while the cubes were tested for compressive strength. Hand 
tamped slabs served as control. The results showed that the hand tamping gave 
essentially the same strength as did the vibration for gravel concrete. It was also 
found that one vibration period was as effective as three periods for gravel concrete, 
while for crushed stone concrete three periods of vibration increased the strength 
somewhat. The vibration method was also more effective than hand tamping for 
crushed stone concrete. 


The effect of physical and chemical conditions upon the shrink- 
age of portland cements 


Hans Kunu and Dzune Hsien Lv, Tonindustrie Zeitung, Vol. 59, No. 70, 71, 74, 82 and 83, p. 843-5. 
864-6, 913-5, 1016-8, 1028-9, Aug. 29, Sept. 2, 12, Oct. 10, 14, 1935. Reviewed by A. E. Brrriicu, 


The shrinkage of 13 different cements of various compositions with and without 
admixtures of gypsum or calcium chloride were studied under several test conditions. 
Long storage reduces the tendency to shrink even in completely dry air. Larger 
amounts of mixing water reduce initial shrinkage and increase final shrinkage. The 
greatest shrinkage takes place in very dry air. Only very small differences in shrink- 
age are found as long as the moisture content of the air is between 0 and 40 per cent. 
Prolonged storage of the specimens in the moist closet retards the beginning of the 
shrinkage but does not decrease the final amount of shrinkage. In air-tight con- 
tainers the specimens shrink very little. The silica content of the cements is of no 
noticeable effect upon the magnitude of shrinkage. A high alumina modulus in- 
creases the tendency to shrinkage. A Ferrari-cement shows the least shrinkage. The 
initial shrinkage of cements with low lime content is rather slow. A properly selected 
amount of gypsum can reduce the shrinkage; the correct amount of gypsum increases 
with the alumina modulus. Admixtures of calcium chloride increase shrinkage and 
expansion. 


Crazing of cast stone and concrete 
Concrete Building and Concrete Products, Vol. 9, No. 1, Jan., 1936, p. 10-12. Reviewed by J. C. Prarson. 
An abstract from the 1934 Report of the Building Research Station states that the 
studies of shrinkage resulting from carbonation at different humidities have been 
continued. Since the absorption of CO, releases water inside the specimen, this may 
mask the effect of carbonation both by causing expansion and upsetting humidity 
control. In attempting to calculate volume changes from density determinations, it 
was found that carbonation of a hydrated cement produced nearly twice the calculated 
expansion, which could only be accounted for by the assumption that lime included 
in the cement gel is expelled during the carbonation process without an equivalent 
contraction of the remaining gel. In the testing of mortar specimens a net shrinkage 
is observed from carbonation, because a part of the calcium carbonate formed is 
accommodated in the pores of the specimen. 


The report also calls attention to the fact that the effects of drying and carbonation 
shrinkage may be more apparent in crazing of cement products after long continued 
wet curing than if they take effect when the conerete is immature. This raises the 
question whether such products as cast stone, where appearance is of more importance 
than high strength, should not preferably be submitted to short curing rather than 
the traditional long periods of thorough curing. 
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Volume changes of cements 
G. Mussenve, Zement, Vol. 24, No. 45, Nov. 7, 1935, p. 717-21. Reviewed by Incr Lysn. 
The primary purpose of an investigation of volume change of concrete was to find 
the effect of hydraulic and non-hydraulic admixtures on the concrete. The admix- 
tures used were three types of slags, a highly active, a medium, and nearly inert slag, 
the silicious material trass, glass and quartz sand. The admixtures or blending 
materials amounted to about 30 per cent and were ground with the clinker to ordinary 
cement fineness (3 to 4 per cent retained on the 4900 mesh). The test specimens 
(4 by 4 by 20 in.) were made of concrete containing sand and gravel aggregates with 
a cement content of 400 kg. per cu. meter. Alternate wetting and drying and dry air 
storage were provided. 


The results showed that the different ingredients in the cements produced relatively 
small effects on the shrinkage of the concrete, although a rich mix was used. Com- 
pressive and flexural tests showed that the cements containing the various types of 
slag gave essentially the same strength results as did the nor-blended cement, while 
the other admixtures lowered the strengths. 


A second series of tests was made to ascertain the effect of the observation method 
on the shrinkage. The results indicated that the observation of shrinkage of air 
stored specimens may not always give dependable information regarding the volume 
changes of the concrete. 


Production of cement and iron in the rotary kiln 


Aprian Margarit, Cement and Cement Manufacture, Vol. 8, No. 12, Dec., 1935, p. 281-3. 
Reviewed by J. C. Prarson. 


A new process for the simultaneous production of iron and portland cement clinker, 
based on the patent of a French chemist, M. Lucien Basset, is being operated near 
Barcelona. The iron-bearing raw material is burnt pyrites, a by-product in the 
manufacture of sulphuric acid and superphosphates, and very abundant in Spain. 
The pyrites are mixed with coal and the usual raw materials of cement, and this 
mixture, in the form of a fine powder slightly moistened, is introduced into a 9 x 140 
ft. dry process Allis-Chalmers rotary kiln, only slightly modified for adaptation to the 
new process. The heat dries and calcines the calcareous material while CO reduces 
the ferric oxide and liberates the iron. The molten iron remains at the bottom covered 
by a layer of solid slag, the composition of which is that of good portland clinker if the 
mix has been properly made. 

The clinker, carrying only lor 2 per cent of iron, reaches the lower end of the kiln 
after flowing over a ring dam which retains the liquid iron. At this point the kiln 
shell has a discharge hole permanently open, through which the iron discharges in- 
termittently intoa skip. The kiln is lined with clinker bricks which are self maintain- 
ing, with the aid of a spray cooling system at the zone of highest temperature. Both 
iron and cement are of high quality, according to test data and analyses given in the 


paper. 


Simplification of tests for controlling the quality of concrete 
on small jobs 

J. Botomey, Le Constructeur de Ciment Arme, Nov., 1935. Reviewed by P. H. Batss. 
The author suggests a procedure for controlling the quality of concrete on small 

jobs which he believes will be sufficiently simple and economical for general use. It 

is based upon the assumption that the compressive strength of the concrete can be 
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calculated with sufficient precision from the equation: compressive strength = 
C— i x K in which C is the ratio of cement and water by weight; K is a co- 


E E 
efficient depending upon the nature and quality of the cement used, and the length 
of time of hardening. <A table is presented giving the values of K for different cements 
aged for difterent periods. The values vary from 70 to 320 kg. per sq. cm. The amount 
of water for the mix is determined by the equation: Amount of water = 
[1.000 — (c xv) ] x D, — (D— C), in which c and »v are the volumes per cubic 
D,—1 

meter of the cement and the voids; D is the “density”’ of the concrete when gaged; 
Ds is the absolute density of the cement; C is the weight of the cement per cubic 
meter of concrete. The density is determined by weighing some specially made 
vessels of known volume filled with concrete. 


As a further measure of the strength of the concrete which may be determined 
readily at the job, the author suggests screening out all the coarse aggregate from a 
sample and using the mortar so obtained to make specimens 4 x 4 x 16 cm. These 
are broken on the job with a small portable hand-operated testing device. The 
author cites some data showing the relation between the strength in flexure of these 
small specimens with the compressive strength of the concrete. 


A reinforced concrete hangar at the Seville airport (Spain) 


AupHonss Pena Bouur (Member of the Academy of Science of Spain), LeGenie Civil, Vol. CVII, No. 
12, p. 269-70, Sept. 31, 1935. Reviewed by R. L. Brertin. 


This hangar, intended to house two air ships of the Zeppelin type, consists of a 
reinforced concrete vault 256 meters long, having a clear span of 126 m. and height 
at the center of 58 m. 


It is closed at both ends by means of steel doors, each consisting of four sections 
shaped like an orange peel, two of which are fixed and two are rotated on counter- 
weighted trucks running on circular tracks. The door sections do not touch or bear 
on the reinforced concrete vault. 


The system of vault construction is similar to that used by Mr. Freyssinet for the 
hangars of Orly, France, described in the Sept. 22 and 29 and Oct. 6 issues of LeGenie 
Cwil. 

The vault is composed of 32 parabolic corrugations, 8 m. on centers, lengthwise of 
the vault and 4.20 m. deep. The external face of the corrugations are squared for a 
width of 2.50 m. and glazed for lighting to about two thirds of the height. In the 
central section this space is left open and is covered with ventilating skylights. 


Although the walls of the corrugated ribs are very thin, the moment of inertia of 
the rib as a whole is large, thus obtaining a strong section with a minimum of material. 


The ribs were computed to carry in addition to the dead load, the weight of the 
two Zeppelins hung from the ribs, and the most unfavorable combination of wind 
condition acting normal to the surface or inclined to it and acting internally and 
externally, assuming the doors to be opened. 


For the construction of the ribs, a traveling steel scaffolding was used, the extrados 
of which was kept 1.50 m. from the intrados of the vault. Collapsible forms were used 
to form the corrugated ribs which when stripped were folded on the traveler, the 
whole being moved to the next rib and the collapsible forms re-erected. 
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The relation of certain anomalies of the time of set to the 
Srinding of cement clinker 


Marc Exzer, La Revue des Materiauaz de Construction et de Travaux Publics, Nov., 1935. 
Reviewed by P. H. Bares. 


The author noted in the cement mill with which he was connected that a change 
in type of grinding equipment resulted in the cement acquiring what is referred to in 
the United States as “grab set.” Determinations of the temperature of the cement 
from the new and old mills showed a much higher temperature in the case of the new 
mill. However, a small mill for laboratory grinding which was introduced in the 
laboratory to replace an older one, showed the cement prepared in the new laboratory 
mill also had “grab set,” although there was no apparent rise in the temperature of 
the cement. The author therefore concluded that the development of “grab set” 
could not be attributed to the dehydration of the gypsum alone. Some further work 
resulted in his noting that in the laboratory mill the fineness of grinding did not in- 
crease with the time of grinding beyond about two hours. At this period the residue 
on a 4900 mesh sieve was 4.2 per cent whereas after 48 hours grinding the residue was 
22.4 per cent. It was quite evident that increased grinding resulted in increased 
agglomeration of the cement in the mill. The increased agglomeration was accom- 
panied by increased evidence of “grab set.”” Analytical work showed that the cement 
retained on the sieves contained practically all the added gypsum. The author 
concluded that in the mills the gypsum at first possibly dehydrated, then absorbed 
moisture and gathered about it fine particles of cement, and in so doing increased the 
amount of residue on the sieve. 


With this line of reasoning the author then proceeded to regrind the coarse particles 
of cement but found it necessary to modify his theory in view of the fact that this 
cement produced by grinding the coarse particles high in gypsum still had “grab 
set.”” The explanation then offered is that in the grinding in the new mill there is a 
change of structure of the gypsum molecule, which he infers is somewhat analogous 
to cold working of metals in which a complete rearrangement of the molecular struc- 
ture is brought about. 


Laboratories of Building and Public Works (of France) 


Special Number of L’Entreprise Francaise, Nov., 1935; (9, Avenue Victoria, Paris IVe 50 francs, post 
paid). Reviewed by P. H. Bates. 


A full description of the Building and Public Works Laboratories, 12, Rue Brancion, 
Paris, dedicated June 21, 1935, by M. Herriot, President of the French Association 
for the Development of Technical Education, and M. Luc, General Director of 
Technical Education. This special number of L’Hnterprise Francaise with 284 pages 
and 32 plates is intended to show to those who are directly or indirectly interested in 
the physical and chemical qualities of building materials, the modern means of 
investigation which these new and very adequately equipped laboratories place at 
the disposal of the French people. 


It contains addresses by Messrs. Lassalle, Caquot, Maigrot, Luc and Herriot, all 
outstanding figures in the educational and constructional groups of France. Con- 
struction features of the various individual laboratories are described with an ex- 
position of the work done in these laboratories by those instrumental in their design 
and equipment. 

Considerable space is directed to informing the public on how it may use the 


facilities of the new laboratories. This is indicated through ‘Utilization tables,” 
which show what tests are most adapted to the research or control desired. There 
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are subdivisions corresponding to a class of materials and successive divisions in each 
class which bring the general case to a specific one. A catalogue of tests is also 
presented, so subdivided as to correspond to the class of materials in the “Utilization 
tables.” Application forms for the necessary tests are also shown. For facility of 
payment, stamp books are sold by the laboratory and payments are made by sticking 
the necessary number of stamps on the back of the order sheet. 

Members of this Institute will be particularly interested in the 5,000,000 (?) 
pounds testing machine which forms one of the features of the laboratory. Largely 
designed upon suggestions by Freyssinet, concrete enters into its construction to a 
major degree. Essentially, the machine is a large reinforced oval concrete cylinder 
lying on its side. The interior of the cylinder provides (14 m. long, 4.3 m. high and 
3.6 m. wide) not only for loading jacks, the lower platen of the machine, the gages, 
and all equipment for operation, but space also for the operators. The loading jacks 
are placed in the concrete ceiling and the lower platen on the concrete floor of the 
cylinder; hence the flattened side walls take the entire reaction of any imposed load 
on a specimen. That the concrete is able to withstand such stresses is due to the 
application of Freyssinet’s suggestion, namely, that.of compressing the newly placed 
concrete and holding it under compression at all times through the procedure of 
placing the reinforcing (high elastic alloy steel) in tension. 


Vibrated concrete—consideration of the different methods 


Errenne TrEvES, LeGenie Civil, Vol. CVII, No. 16, Oct. 19, 1935, p. 366-71. 
Reviewed by R. L. BerTIN 


The author presents a historical review of the development of vibrating concrete 
which he claims originated in France. 

In 1919, the Limousin Co. (Freyssinet System), applied for a patent in France 
which contained in principle several features of concrete vibrating as practiced to- 
day, particularly external vibration by means of vibrating the form work and vibra- 
tion in the mass by means of hand tools consisting of plates or bars carrying a vibrat- 
ing element. In the text of the patents, the necessity of high frequency was stressed. 

In 1928, the Monod Co. vibrated the concrete of the Lafayette Bridge in Paris 
(LeGenie Civil, Dec. 1, 1928, page 517) using compressed air vibrators. At the same 
time, vibrators were used on curb forms in Paris. 

The use of vibration from then on increased rapidly. Internal vibration or per- 
vibration entered the field in the experimental stage, and surface vibration, easier to 
apply, was demonstrating itself superior to hand compacting in the construction of 
concrete roads and large masses. During the last five years, vibration has been 
adopted generally throughout the world. 

Much technical literature exists on the subject but most of it is narrowed down to 
specific apparatus or particular applications, or written by authors with preconceived 
ideas so that the involved fundamental principles are not easily drawn therefrom. 

External Vibration. The application requires experience. Depending upon the 
results desired, be it impermeability, early stripping, maximum strength, fast pouring, 
different methods must be used. 


External vibrators are classified under three headings: 
(1) Hand tools 
(2) Vibrating tables 
(8) Various types of pneumatic or electric vibrators 
Hand tools, such as pneumatic hammers applied manually to the forms, or vi- 
brators on the ends of long handles also applied to the forms, are helpful but are not, 
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strictly speaking vibration, the number of cycles being far too low (1200 to 1600 per 
minute instead of 4000 to 10000). These tools are unsatisfactory because they depend 
on the judgment of the workmen. 

The vibrating tables have a limited application, namely precast units. 


The pneumatic or electric vibrators equipped with various means of attaching 
them to the forms are suitable for all conditions so long as the thickness of the concrete 
is not excessive. In the latest models of pneumatic vibrators, the oscillations vary 
from 5400 to 21000 per minute, the total weight has been reduced and the efficiency 
increased. The method of attaching to the forms is also greatly simplified. 

Electric vibrators with unbalanced rotors acting tangentially instead of normally 
to the forms are of necessity heavier and more bulky. 


The efficiency of external vibrators are based on two criteria: 


(1) The time required to obtain a given result 
(2) The radius of action of the apparatus. 


These criteria are measured relatively by means of a special apparatus consistin 
of a long box (sizes not given), at the end of which the vibrators are attached ex- 
ternally. Along the length of the box hollow spheres of thin metal with rods attached 
thereto are equally spaced, the sphere resting on the bottom of the box and the rods 
set vertically, passing through holes in a longitudinal plate at the top of the box, 
acting as guides for the rods. The box is then filled with concrete and the vibrator 
set in motion. The sphere begins to rise and the time required for each sphere to 
come to the surface is recorded. The concrete block is subsequently tested for 
strength. 

Such tests are being conducted at the Ecole Centrale des Arts & Manufactures by 
Mr. Galibourg and will be the subject of a paper to be published later. Certain con- 
clusions are given, as follows: 

Concrete containing at least 130 liters of water per cubic meter, pneumatic or 
electric vibrators give analogous results. 

With concrete containing from 100 to 110 liters of water, the electric vibrator fails 
to cause the spheres to rise, whereas the pneumatic one does. Well illustrated applica- 
tions of vibrators are given. Interesting decorative effects were obtained by vi- 
brating concrete, stripping early, and sand blasting the surface. 

Surface Vibration. This is the only possible method for large surfaces of thin 
section, such as roads, and is the most economical and rapid for large masses used 
singly or in combination with other means. 

In large masses where impermeability is of prime importance and strength second- 
ary, external vibration of the forms is sufficient. 

A form of surface vibrators with open platform prevents tearing the concrete 
surface already vibrated which occurs with solid platforms. 

Vibrating rollers are also described, in some of which the vibrating element revolves 
with the roller and others in which the element is always vertical and in contact with 
the lower generatrix of the roller. 

Internal Vibration is divided into two groups of apparatus: 

(1) Those held by hand and moved about in the concrete 
(2) The floating apparatus or pervibrator 

The first are in the public domain, having been clearly anticipated in the Limousin 
patents of 1919. A number of these exist especially in the United States, some of 
which are pneumatic, others electric. The author’s objection to these is that they 
involve the personal coefficient of the workman and their radius of effectiveness is 


400 JOURNAL OF THE AMERICAN ConcrETE InstTITUTE—Proceedings 


small. He recognizes their value, however, in cases of large beams too wide for 
external vibration or too heavily reinforced for the application of surface vibrators. 

The pervibrators, devised by M. Deniau in 1927 consist of shells of sheet iron con- 
taining a vibrator. Immersed in the concrete, they vibrate it and rise automatically. 
Their use is limited to sections without cross reinforcement. 

The author concludes by calling attention to the necessity of a general study of the 
subject in the laboratories as well as in the field, with a view of creating a better 
understanding of the proper application of vibrating tools to concrete under the 
various field conditions. 


In response to a spontaneous demand from Institute mem- 
bers for extra copies of the “Current Reviews” pages of each 
JouRNAL—to permit clipping up, pasting on cards and filing, 
arrangements have been made to supply to Institute members, 
(on request) in addition to their JouRNALS, two extra form proofs 
of “Current Reviews” pages of each issue at $1.50 per volume 
year. If the demand increases sufficiently it may be possible to 
reduce the charge for this extra service. 

Secretary A. C, I. 


AT THE ForKS 


BY ES o. BATES: 


RETIRING PRESIDENT, AMERICAN CONCRETE INSTITUTE, 
AT 32ND ANNUAL CONVENTION 


Locauuy, nationally, and internationally human thoughts and 
purposes are now at a “forks in the road.” In practically all of our 
endeavors, it is acknowledged that things have not been what they 
should have been. In some matters it might appear that a new course 
has been set and the road to the right is to be followed—but there is 
always a powerful minority which contends that the right is in reality 
the left. In but few cases has there been a Joining of the extreme view- 
points and the surveying of a new road—possibly somewhat inter- 
mediate between the extremes of the left and the right. 

While you are doubtlessly thinking that these remarks concern only 
economics and politics, they are put forward as applying also to in- 
dustrial and to association activities as well. Mentally and physically 
the world as a whole in most of its efforts has been for some time in 
pretty much of a fog of uncertainty, not knowing just where, how or 
when it should direct its efforts—and we must include in this world of 
hesitants the concrete industry and the American Concrete Institute. 

Not many of those present can recall the status or course of the 
concrete industry three or four decades ago. Actually it did not have 
much of a well defined course at the beginning of the century. The 
industry was waddling around in its swaddling clothes and but a mite 
of an impediment in its path might send it off at a tangent or back 
over the way it had just came. The uncertainty of the interested few 
at that time was a matter of much moment—the uncertainty today 
of the interested many is a matter of still greater moment. 

Our recollections of the early concrete in this country tell us that 
it was made of whatever cement was at hand (‘‘whatever cement” 
does not mean brand of portland cement—but type of hydraulic 
cement—portland, natural, slag, the blends of these and the results 
of the poorly controlled efforts at making any one of these varieties), 
whatever fine aggregate was at hand, and whatever coarse material 
might be available. The amounts of water—as little as possible—and 


(401) 
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the character of the placing—through ramming—were outstanding 
high spots in the technique of concreting, but these excellent procedures 
had been determined with no apparent reasoning and were hence 
eagerly dropped for procedures no more reasonably derived but more 
easily used and almost thoroughly wrong. 


The early concrete industry was, let us say, highly speculative in 
nature. Those few who were designing our early reinforced concrete 
structures were basing their designs upon decidedly speculative 
premises. The deportment and the service of the material was based 
upon a faith in the future rather than in any extended evidence of a 
past. The rapid expansion in the use of reinforced concrete brought 
about many changes in the early industry—more than did the in- 
troduction of the concrete highways at a later period. It came at a 
time when concreting was relatively so young and little used that these 
somewhat daring applications attracted much attention. Young 
engineers were impelled either to study the material in the laboratory 
or apply it in the field. At the same time those interested in construc- 
tion directed their attention to it. There resulted a rapid mechanical 
development in handling and placing. Indeed, it is now realized that 
this development was too rapid and much of it based upon erroneous 


premises. 


In time there gradually evolved from the somewhat poorly defined 
conditions of how structures and concrete should be designed, how the 
latter should be handled, placed and treated during its hardening, 
certain generally accepted procedures—including the recognition of 
the need of studied design, close inspection and frequent testing. 
Naturally there developed an interest and a literature which attracted 
more new thoughtful ones into the field and still more thought on the 
part of those already within it. But it seems that this new thought 
on the part of an ever increasing number only served to emphasize 
that what had been thought to be certain was still a matter of con- 
jecture and that what had been thought to be good practice was, in 
reality, open to some decided questioning. This has extended to date 
and even to that most essential ingredient of concrete—cement—and 
at no time has there been so much uncertainty as to what should be 
the nature of the cement for any purpose than now. 


Those who have been thinking faster than I have been speaking or 
those who have stopped questioningly at some statement and thus, 
having lost the drift of the discussion, have been led to soliloquize on 
their past, are doubtlessly asking what has this swirling and whirling 
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of the development of concrete to do with the present position of the 
American Concrete Institute. 


Until the beginning of the eventful ‘30’s” of this century, the 
Institute had a history rather strikingly similar to that of the industry 
in which it is so much interested. But when that industry, like prac- 
tically all others, suddenly “brought up short’? and went “into a 
huddle” the Institute did likewise. Similarly it found itself in rather 
a precarious state. But through careful thought and management it 
has come through the few lean years well seasoned for its properly 
directed future activities. The question is, what should be the direc- 
tion of the future activities. 

The Institute is a group of individuals. To continue to live it must 
interest individuals—those interested in concrete. If we look upon 
concrete as a finished commodity, then the groups to be interested are 
the cement producers, the producers of aggregates, the producer who 
makes concrete, either for a concrete structural unit costing a few 
cents or a few million dollars, those who make the machinery for 
mixing and placing concrete, the designers of the structures, those 
who build the structures, those who carry out investigations in the 
laboratory, those who do the inspecting, the testing, ete. When we 
analyze the membership of the Institute, we find that the interest of 
some of these is almost at the vanishing point. Even the cement 
producers have, to a surprising degree, cooled in their support of the 
Institute. The natural query then is—has the Institute failed to 
furnish its variety of members with the variety of interest that will 
hold their attention. The answer is that it possibly has. How then 
can it again secure their attention? 

The privilege of paying the annual dues will not hold members. 
They want an adequate return for their dues. To give them their re- 
turns the Institute must get the returns for them and the best way to 
get these returns for them is to get these returns from them—illus- 
trating that it is more than “the music goes around and around.” 
Tersely the Institute must put its members (and even non-members 
in the hope that they will become members) to work to develop the 
returns which get and hold members. How can it do this—through 
its meetings, its publications and its committee activities. 

Do our meetings have the appeal to the variety of interests that the 
Institute’s field covers? I think you will agree that they do not. Ican 
find but little to attract me to a meeting given over to a discussion of 
the relative value of this kind of a mixer, that kind of a vibrator and 
the merits of the varieties of methods for placing concrete. But I do 
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concede that there are surely several thousand persons in the United 
States who are much interested in such matters. Do these several 
thousand have much interest in the principles of the design of flat 
slabs—surely not enough to assure getting a baker’s dozen of them to 
attend a meeting where such a subject might be discussed by the best 
engineers of the country. We must broaden our meetings until we 
have not one but several papers for each of the variety of interests— 
and there are about a half dozen of these—that make up the Institute. 
Can that be done in a two or three day convention? Surely—by hold- 
ing simultaneous meetings. Do we have sufficient funds to permit 
holding meetings of this type? Possibly not in sight. But let us 
gamble not once but several times, hold such meetings after intensive 
publicity and see if we cannot attract enough néw members into the 
Institute to come out ahead in a short time. Definitely I would suggest 
the grouping of the Institute into divisions—such as a Division of 
Design, a Division of Materials, of Equipment, of Research, of Con- 
struction, etc., under the leadership of competent chairmen or vice- 
presidents of the Institute. 

Just as an analysis of our meetings shows a lack in the needed broad 
appeal, so will an analysis of our publications show a similar want. 
But if we acknowledge this in respect to the JouRNAL, how about the 
other publications of the Institute? An effort has been made to “‘get 
going” the publication of standards and instructive manuals, But 
the “going” has hardly as yet, produced the results. The individuals 
or committees who should have been “going” have not been doing so. 
Why?—largely because the Institute has not produced enough con- 
sistent worth while results to engender in its committees the want to 
produce something worth while and to engender in individuals the 
want to be members of worth-while committees and to insist that the 
latter do worth-while work. We should take a few lessons from the 
American Society for Testing Materials but while doing so, incorporate 
a few most desireable changes. Not only should the fields to be covered 
by specifications and manuals be defined and committees to cover 
them be appointed but annual reports must be demanded, and if not 
forthcoming the responsible committee should be discharged im- 
mediately. Each committee should be given a definite time within 
which to present its first results for promulgation and if these are not 
forthcoming, discharge the committee and reorganize it. Lastly, fix 
a period—three or five years—after promulgation at which all specifi- 
cations become automatically obsolete unless the committee can 
produce data showing that it should be continued for not more than 
a one year period. It is acknowledged that such committee activities 
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will take a great deal of time at the annual meetings but what of it? 
Let us even go to the extent of having semi-annual meetings, one of 
which might well be given over to committee activities alone. 


I believe that the revival of interest in the Institute and by the 
Institute can best be made through committee activities. My thought 
as we hesitate “‘at the forks of the road”’ is to follow that road which 
will take us into a field of vastly more extensive and intensive com- 
mittee work than has ever been attempted before by the Institute, 
under far more rigidly defined procedures than have been used and 
under policing by an executive committee of the Institute that would 
—may we say—force results. Acknowledging that this will be costly, 
let us plan these activities so that individuals and groups cannot fail 
to afford the cost to the Institute and to themselves. 


BuILDING REGULATIONS FOR REINFORCED CONCRETE 
(A. C. I. 501-36T) 


; Proposed by Committee 501, Standard Building Code*, the new 
code”’ 1s here presented as revised and tentatively adopted, 32nd Annual 
Convention, American Concrete Institute, Feb. 25, 1936. 


CHAPTER 1—GENERAL 

101—Scope 

(a) These regulations cover the use of reinforced concrete and plain 
concrete in any structure to be erected under the provisions of the 
building code of which they form a part. They are intended to supple- 
ment the general provisions of the code in order to provide for the 
proper design and construction of structures of these materials. In 
all matters pertaining to design and construction where these specific 
regulations are in conflict with other provisions of the code, these 
regulations shall govern. 


102—Permits and Drawings 

(a) Drawings and typical details of all reinforced concrete construction showing 
the sizes and position of all structural members, metal reinforcement, design strength 
of concrete, and the live load used in the design shall be filed with the building de- 
partment as a permanent record before a permit to construct such work shall be 
issued. Calculations pertaining to the design shall be filed with the drawings when 
required by the Commissioner of Buildings. 


103—Special Systems of Reinforced Concrete 

(a) The sponsors of any system of reinforced concrete which has been in successful 
use, or the adequacy of which has been shown by test, and the design of which is 
either in conflict with these regulations or not covered by them, shall have the right 
to present the data on which their design is based to a “Board of Examiners for 
Special Construction” appointed by the Commissioner of Buildings. This Board 
shall be composed of competent engineers, architects and builders, and shall have the 
authority to investigate the data so submitted and to formulate rules governing the 
design and construction of such systems. These rules when approved by the Com- 
missioner of Buildings shall be of the same force and effect as the provisions of this 
code. 


104—Definitions and Notations 


(a) Definitions—The following terms are defined for use in this code: 

*In the preparation of its report (briefly outlined Journay Am. Concrete Insr., Nov.-Dec., 1935 
and distributed in full in a separate pamphlet) the Institute’s Committee 501, worked with the Com- 
mittee on Engineering Practice of the Concrete Reinforcing Steel Institute. 
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Aggregate—Inert material which is mixed with portland cement and water to 
produce concrete. 


Column—An upright compression member the length of which exceeds three times 
its least lateral dimension. 


Column Capital—An enlargement of the upper end of a reinforced concrete colum 
designed and built to act as a unit with the column and flat slab. 


Column Strip—A portion of a flat slab panel one-half panel in width occupying 
the two quarter-panel areas outside of the middle strip, and extending through the 
panel in the direction in which bending moments are being considered. 

Combination Column—A column in which a structural steel section, designed to 
carry the principal part of the load, is wrapped with wire and encased in concrete 
of such quality that some additional load may be allowed. 

Composite Column—A column in which a steel or cast-iron section is completely 
encased in concrete containing reinforcement of spiral reinforcement and longitudinal 
bars. ‘ 

Concrete—A mixture of portland cement, fine aggregate, coarse aggregate and 
water. ; 

Deformed Bar—Reinforcing bars with closely spaced shoulders, lugs or projections 
formed integrally with the bar during rolling so as to firmly engage the surrounding 
concrete. Wire mesh with welded intersections not farther apart than twelve inches 
in the direction of the principal reinforcement and with cross wires not smaller than 
No. 10 may be rated as a deformed bar. 

Diagonal Band—A group of bars covering a width approximately 0.4 the average 
span, symmetrical with respect to the diagonal running from corner to corner of the 
panel of a flat slab. 

Direct Band—A group of bars, covering a width approximately 0.4 1,, symmetrical 
with respect to the center lines of the supporting columns of a flat slab. 

Dropped Panel—The structural portion of a flat slab which is thickened throughout 
an area surrounding the column capital. 

Effective Area of Concrete—The area of a section which lies between the centroid 
of the tensile reinforcement and the compression face of a slab or beam. 

Effective Area of Reinforcement—The area obtained by multiplying the right cross- 
sectional area of the metal reinforcement by the cosine of the angle between its 
direction and that for which the effectiveness of the reinforcement is to be determined. 

Flat Slab—A concrete slab reinforced in two or more directions, generally without 
beams or girders to transfer the loads to supporting columns. 

Middle Strip—A portion of a flat slab panel one-half panel in width, symmetrical 
with respect to the panel center line and extending through the panel in the direction 
in which bending moments are being considered. 

Paneled Ceiling—The ceiling of a flat slab in which approximately that portion of 
the area enclosed within the intersection of the two middle strips is reduced in thick- 
ness. 


Panel Length—The distance along a panel side from center to center of columns 
of a flat slab. 


Pedestal—An. upright compression member whose height does not exceed three 
times its least lateral dimension. 

Plain Concrete—Concrete without metal reinforcement; or reinforced only for 
shrinkage or temperature changes. 

Ratio of Reinforcement—The ratio of the effective area of the reinforcement cut by 
a section of a beam or slab to the effective area of the concrete at that section. 
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Reinforced Concrete—Concrete in which metal other than that provided for shrink- 
age or temperature changes is embedded in such a manner that the two materials 
act together in resisting forces. 

Surface Water—The water carried by the aggregate except that held by absorption 
within the aggregate particles themselves. 

(b) Notations—The symbols and notations used in these regulations are defined 


as follows: 


Width of face of column or pedestal. 


= Angle between inclined web bars and axis of beam. 


Total area of top of pedestal, pier, or footing at the column base; the span 
length between opposite supports in one direction (floors with supports 
on four sides). 

Loaded area of pedestal, pier, or footing at the column base. 

Area of core of a spirally-reinforced column measured to the outside 
diameter of the spiral; net area of concrete section of a composite column. 
The overall or gross area of spirally-reinforced or tied columns; the total 
area of the concrete encasement of combination columns. ; 
Area of the steel or cast-iron core of a composite column; the area of the 
steel core in a combination column. 

Effective cross-sectional area of reinforcement in tension in beams or in 
compression in columns; the effective cross-sectional area of reintorcement 
which crosses any of the principal design sections of a flat slab. 

Total area of web reinforcement in tension within a distance of s (measured 
perpendicular to the direction ot the web reinforcement bar), or the total 
area of all bars bent up in any one plane. 


= Width of rectangular beam or width of flange of T-beam. 


Thickness of web in beams of I or T sections. 
Dimension of the dropped panel of a flat slab in the direction parallel to l. 
Span at right angles to span A (floors with supports on four sides). 


= Diameter, in feet, of column capital of a flat slab at the underside of the 


slab, or dropped panel. No portion of the column capital shall be con- 
sidered for structural purposes which lies outside of the largest 90° cone 
that can be included within the outlines of the column capital; distance 
from gravity axis to extreme fiber in compression (in a column). 

Depth from compression face of beam or slab to center of longitudinal 
tensile reinforcement; the least lateral dimension of a concrete column; 
the diameter of a round bar or side of a square bar. 


= Deflection of a floor member under test load. 
= Eccentricity of the resultant load on a column, measured from the gravity 


axis. 


= Plate action factors for spans A and B respectively. 


(Floors with supports on four sides.) 
Modulus of elasticity of concrete in compression. 


= Modulus of elasticity of steel in tension or compression (30,000,000 lb. 


per sq. in.) 

Compressive unit stress in extreme fiber of concrete in flexure or axial 
compression in concrete in columns. 

Ultimate compressive strength of concrete usually at age of 28 days. 
(Sec. 301 (a) ). 


—~ Permissible unit stress in the metal core of a composite column. 


Permissible unit stress on unencased steel columns and pipe columns. 
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Tensile unit stress in longitudinal reinforcement; nominal working stress 
in vertical column reinforcement. 

Useful limit stress of spiral reinforcement. 

Tensile unit stress in web reinforcement. 

Ratio of the distance between assumed inflection points of the span A to 
span A in an isolated strip extending the entire width of the structure 
when a uniformly distributed load is applied to span A only (floors with 
supports on four sides). 

Ratio as defined above, but applying to Span B (floors with supports on 
four sides). 

The distances, assumed for purposes of load distribution, between in- 
flection points in spans A and B respectively (floors with supports on four 
sides). 

Unsupported length of column. 

Moment of inertia of a section about the neutral axis for bending. 

Ratio of distance between centroid of compression and centroid of tension 
to the depth (d). ; 

Least radius of gyration of a metal pipe section (in pipe columns); the 
stiffness factor, that is, the moment of inertia divided by the span (floors 
with supports on four sides). 


Stiffness factor if ) for span A of panel AB (floors with supports on 
four sides). ( A 


Stiffness factor I ) for span B of panel AB (floors with supports on 
four sides). ( B 


Stiffness factors for spans to right and left respectively of span A (floors 
with supports on four sides). 

Stiffness factors for spans to right and left respectively of span B (floors 
with supports on four sides). 

Span length of beam or slab; span length of flat slab (usually expressed in 
feet) center to center of columns in the direction in which moments are 
considered (see Sec. 1003). 

Span length of flat slab panel center to center of columns, perpendicular 
to the rectangular direction in which moments are considered. 

Clear span for positive moment and the average of the two adjacent clear 
spans for negative moment (see Sec. 701). 

Span of member under load test. (See Sec. 202.) 

Bending moment or moment of resistance in general. 

Sum of positive and negative bending moments at the principal design 
sections of a panel of a flat slab. 

Ratio of modulus of elasticity of steel to that of concrete = E,/Ec. 

The sum of the lengths of those edges of panel AB supporting continuous 
adjacent spans (floors with supports on four sides). 

Sum of perimeters of bars in one set. 

Ratio of effective area of tensile reinforcement to effective area of concrete 
in beams. 

Ratio of the effective cross-sectional area of vertical reinforcement to the 
gross area A, (see Sec. 1103). 

Ratio of volume of spiral reinforcement to the volume of the concrete core 
(out to out of spirals) of a spirally reinforced concrete column. 

Total allowable axial load on a column whose length does not exceed 10 
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times its least cross-sectional dimension. 

P’ = Total allowable axial load on a long column. 

ra = Permissible unit working stress in concrete over the loaded area of a 
pedestal, pier, or footing. 

ish = Load distribution factors, that is, the proportion of total load (w’AB) 


TB carried in the directions A and B respectively (floors supported on four 
sides). 
R = Least radius of gyration of a section; ratio of gross area to core area of a 


spirally-reinforced concrete column, A,/Ac. 

s = Spacing of stirrups or of bent bars in a direction parallel to that of the 
main reinforcement. 

t = Thickness of the flange of T-beams; the total thickness or depth of a 
member under load test. 

4; = Thickness of flat slab without dropped panels; or the thickness of flat 
slabs, including dropped panels where such are used. 

i, = Thickness of flat slab with dropped panels at points outside the dropped 


panel. 
ts = Total thickness of slab (floors supported on four sides). 
u = Bond stress per unit of surface area of bar. 
v = Shearing unit stress. 
v, = Unit shearing stress permitted on the concrete of the web. 


V = Total shear. 

1’ = Excess of the total shear over that permitted on the concrete. 

w = Uniformly distributed load per unit of length of beam or slab. 

w' = Uniformly distributed dead and live load per unit of area of a floor or roof. 
W = Total dead and live load uniformly distributed over a single panel area. 


CHAPTER 2—-MATERIALS AND TESTS 
201—Tests 

(a) The Commissioner of Buildings, or his authorized representative shall have the 
right to order the test of any material entering into concrete or reinforced concrete 
when there is reasonable doubt as to its suitability for the purpose; to order reasonable 
tests of the concrete from time to time to determine whether the materials and meth- 
ods in use are such as to produce concrete of the necessary quality; and to order the 
test under load of any portion of a completed structure, when the conditions have 
been such as to leave reasonable doubt as to the adequacy of the structure to serve 
the purpose for which it is intended. 

(b) Tests of materials and of concrete shall be made in accordance with the require- 
ments of the American Society for Testing Materials as noted elsewhere in this 
chapter. The complete records of such tests shall be available for inspection by the 
Commissioner of Buildings at all times during the progress of the work, and shall be 
preserved by the engineer or architect for two years after the completion of the 
structure. 
202—Load Tests 

(a) When a load test is required, the member or portion of the structure under con- 
sideration shall be subject to a superimposed load equal to one and one-half times the 
live load plus one-half of the dead load. This load shall be left in position for a 
period of twenty-four hours before removal. If, during the test, or upon removal of 
the load, the member or portion of the structure shows evident failure, such changes 
or modifications as are necessary to make the structure adequate for the rated capacity 
shall be made; or, where lawful, a lower rating shall be established. The structure 
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shall be considered to have passed the test if the maximum deflection at the end of 
the twenty-four hour period does not exceed the value of D as given by the following: 
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L is the span, t is the total depth of the slab or beam and D is the maximum 
deflection—all expressed in the same units. 

If the deflection exceeds the value of D as given in formula (1), the construction 
shall be considered to have passed the test if within twenty-four hours after the re- 
moval of the load the slabs or beams show a recovery of at least seventy-five per 
cent of the observed deflection. 
208—Supervision 

(a) All concrete work shall be supervised by the architect or engineer responsible 
for its design, or by a competent representative responsible to the architect or 
engineer. A record shall be kept of such supervision, which record shall cover the 
quality and quantity of concrete materials, the mixing and placing of the concrete, 
and the placing ot the reinforcing steel. A complete record shall also be kept of the 
progress of the work and of the temperatures, when these fall below 40 degrees F., 
and of the protection given to the concrete while curing. This record shall be avail- 
able for inspection by the Commissioner of Buildings at all times during the progress 
of the work and shall be preserved by the architect or engineer for two years after 
the completion of the work. 
204—Portland Cement 

(a) Portland cement shall conform to the “Standard Specifications for Portland 
Cement” (A. S. T. M. Serial Designation: C9-30) or the ‘Tentative Specifications 
for High-Early Strength Portland Cement’’ (A. S. T. M. Serial Designation: C74- 
30T). 
205—Concrete Aggregates 

(a) Conerete aggregates shall conform to the ‘‘Tentative Specifications for Con- 
crete Aggregates” (A. S. T. M Serial Designation: C33-31T). In localities where 
aggregates conforming to these specifications are not obtainable, aggregates that 
have been shown by test or actual service to produce concrete of the required strength, 
durability, water-tightness and wearing qualities may be used under Sec. 302(a) 
Method 2, where authorized by the Commissioner of Buildings. 

(b) The maximum size of the aggregate shall be not larger than one-fifth of the uar- 
rowest dimension between forms of the member for which the concrete is to be nsed 
nor larger than three-fourths of the minimum clear spacing between reinforcing bars. 
206—W ater 


(a) Water used in mixing concrete shall be clean, and free from deleterious amounts 
of acids, alkalis, or organic materials. 
207— Metal Reinforcement 

(a) Metal reinforcement shall conform to the requirements of the “Standard 
Specifications for Billet-Steel Concrete Reinforcement Bars” (A. S. T. M. Serial 
Designation: A15-35), or for “Rail-Steel Concrete Reinforcement Bars”’ (A. 8. T. M. 
Serial Designation: A16-35). . 

(6) Welded wire fabric or cold-drawn wire for concrete reinforcement shall conform 
to the requirements of the “Standard Specifications for Cold-Drawn Steel Wire for 
Concrete Reinforcement” (A. S. T. M. Serial Designation: A82-34). 

(c) Structural steel shall conform to the requirements of the “Standard Specifica- 
tions for Structural Steel for Buildings” (A. S. T. M. Serial Designation: A9-34). 
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(d) Cast-iron sections for composite columns shall conform to the “Standard Speci- 
fications for Cast-Iron Pipe and Special Castings” (A. 8. T. M. Serial Designation: 
A44-04). 


208—Storage of Materials 


(a) Cement and aggregates shall be stored at the work in such a manner as to pre- 
vent deterioration or intrusion of foreign matter. Any material which has deteriorated 
or which has been damaged shall not be used for concrete. 


CHAPTER 3—CONCRETE QUALITY AND WORKING STRESSES 


301—Conecrete Quality 


(a) For the design of reinforced concrete structures, the value of f’, used for 
determining the working stresses as stipulated in Section 305 shall be based on the 
specified minimum ultimate 28-day compressive strength of the concrete, or on the 
specified minimum ultimate compressive strength at the earlier age at which the 
concrete may be expected to receive its full load. All plans, submitted for approval 
or used on the job shall clearly show the assumed strength of concrete at a specified 
age for which all parts of the structure were designed. 

(b) All concrete exposed to the weather shall have a minimum ultimate 28-day 
compressive strength of not less than 3000 Ib. per sq. in.* : 


302—Determination of Strength-Quality of Materials 

(a) The determination of the proportions of cement, aggregate and water to attain 
the required strengths shall be made by one of the following methods: 
Method 1—Concrete made from average materials: 


When no preliminary tests of the materials to be used are made, the water-content 
per sack of cement shall not exceed the values in Table 302(a). Method 2 shall be 
employed when artificial aggregates or admixtures are used. 


TABLE 302 (a)—-ASSUMED STRENGTH OF CONCRETE MIXTURES 


Assumed Compressive Strength 
Water-Content U. S. Gallons at 28 Days 
Per 94-lb. Sack of Cement — 


Disa 
7% rt 
634 25 
6 ; 3000 
5 3750 


NOTE: In interpreting this table, surface water contained in the aggregate must be included as part 
of the mixing water in computing the water-content. 


Method 2—Controlled Concrete: 

Proportions of the materials and water-content, other than those shown in Table 
302(a) may be used provided that the strength-quality of the materials proposed for 
use in the structure shall be established by tests which shall be made in advance of 
the beginning of operations, using the consistencies suitable for the work and in 
accordance with the “Standard Method of Making Compression Tests of Concrete” 
(A. S. T. M. Serial Designation: C39-33). A curve representing the relation be- 
tween the water-content and the average 28-day compressive strength or earlier 
strength at which the concrete is to receive its full working load, shall be established 
for a range of values including all the compressive strengths called for on the plans. 


*In climates where weather is not severe this section should be omitted. 
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The curve shall be established by at least four points, each point representing average 
values from at least four test specimens. The water-content used in the concrete 
for the structure as determined from the curve, shall correspond to a strength which 
is twenty per cent greater than that called for on the plans, for concrete of a com- 
pressive strength less than 2500 lb. per sq. in., and fifteen per cent greater for con- 
crete of a compressive strength of 2500 lb. per sq. in. or more. No substitutions shall 
be made in the materials used on the work without additional tests in accordance 
herewith to show that the quality of the concrete is satisfactory. 


3038—Tests on Concrete ; 

(a) The Commissioner of Buildings shall at his discretion require a reasonable 
number of compression tests to be made during the progress of the work. Such tests 
shall be made in accordance with the “Standard Method of Making and Storing 
Compression Test Specimens of Concrete in the Field” (A. S. T. M. Serial Designa- 
tion: C31-38). 

(b) Laboratory control tests and field control tests, or laboratory control tests 
only may be required. Not less than the number of specimens shown in the fol- 
lowing table shall be made for each type of test, and not less than three specimens 
for each type of test for each strength of concrete for any one day’s operation. 


Total Cubic Yards of Concrete Placed Minimum Number of Test Specimens 
O— 100 One for each 50 cu. yd. 
100—1000 One for each 125 cu. yd. 
1000—2000 One for each 175 cu. yd. 
2000—and over One for each 250 cu. yd. 


(c) The standard age of test shall be 28 days, but 7-day tests may be used provided 
that the relation between the 7 and 28-day strengths of the concrete is established 
by test for the materials and proportions used. 

(d) In all cases where the average strength of the Laboratory control cylinders 
shown by these tests for any portion of the structure falls below the minimum ulti- 
mate compressive strengths called for on the plans, the Commissioner of Buildings 
shall have the right to order a change in the mix or in the water-content for the re- 
maining portion of the structure. In cases where the average strength of the cylinders 
cured on the job falls below the required strength, the Commissioner of Buildings 
shall have the right to require conditions of temperature and moisture necessary to 
secure the required strength and may require load tests to be made on the portions 
of the building so affected as specified in Section 202. 


304—Concrete Proportions and Consistency 

(a) The proportions of aggregate to cement for any concrete shall be such as to 
produce a mixture which will work readily into the corners and angles of the forms 
and around reinforcement with the method of placing employed on the work, but 
without permitting the materials to segregate or excess free water to collect on the 
surface. The combined aggregates shall be of such composition of sizes that when 
separated on the No. 4 standard sieve, the weight passing the sieve (fine aggregate) 
shall not be less than 30 per cent nor greater than 50 per cent of the total unless other- 
wise required by the Commissioner of Buildings, except that these proportions do 
not necessarily apply to light-weight aggregates. 

(b) The methods of measuring concrete materials shall be such that the proportions 
can be accurately controlled and easily checked at any time during the work. Meas- 
urement of materials for Ready Mixed Concrete shall conform to the ‘Tentative 
Specifications for Ready Mixed Concrete” (A. S. T. M. Serial Designation: C94-35).* 


*Wherever practicable such measurement shall be by weight rather than by volume. 
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305—Allowable Unit Stresses in Concrete 


(a) The unit stresses in pounds per square inch on concrete to be used in the design 
shall not exceed the following values, where f’, equals the minimum ultimate com- 
pressive strength at 28 days. 


Allowable Unit Stresses 


For Any 
ee of When Strength of Concrete is 
hg oe as Fixed by the Water-Content in 
Description Tes $ bay Accordance with Sec. 302 


Accordance | 7, = 
with Sec. 302) “9999 
n = 30000 i 


p.s.i. 
of "o nm = 15) 
Flexure: fe 
Extreme fiber stress in compression fe 0.40f'. 800 
Extreme fiber stress in compression ad- 
jacent to supports of continuous or 
fixed beams or of rigid frames fe 0.45f'. 900 1125 1350 1688 


Shear: v 
Beams with no web reinforcement and 
without special anchorage of longi- 
tudinal steel Ve 0.02’. 40 50 60 75 
Beams with no web reinforcement, but 
with special anchorage of longitudinal 
steel | Ve 0.03f'. 60 75 90 113 
Beams with properly designed web re- 
inforcement but without special an- 
chorage of longitudinal steel v 0.06f'- 120 150 180 225 
Beams with properly designed web re- 
inforcement and with special an- 


chorage of longitudinal steel v 0.126 240 300 360 450 
Flat slabs at distance d from edge of 
column capital or dropped panel Ve 0.03f'c 60 743) 90 113 
Footings where longitudinal bars have 
no special anchorage Ve 0.02/’. 40 50 60 7633 
Footings where longitudinal bars have 
special anchorage Ve 0.03/'. 60 75 90 113 
Bond: u 
In beams and slabs and one-way footings: 
Plain bars or structural shapes u 0.04f’. 80 100 120 150 
Deformed bars u 0.05f'c 100 125 150 188 
In two-way footings: 
Plain bars or structural shapes u 0.03f’. 60 75 90 113 
Deformed bars u 0.0375f'c WES 94 112 141 
(Where special anchorage is pro- 
vided (see Sec. 903a), one and one- 
half times these values in bond may 
be used) 
Bearing: fe 
On full area te 0. 25% 500 625 750 938 
On one-third area* te 0.375f'c 750 938 1125 1405 
Pedestals (see Sec. 1205) Ta 
Axial Compression: fe ‘ 
In columns with lateral ties te 0.1547’. 308 385 462 578 
In columns with continuous spirals te 0. 22f'. 440 550 660 825 


*The allowable bearing stress on an area greater than one-third but less than the full area shall be 
interpolated between the values given. 


306—Allowable Unit Stresses in Reinforcement 
(a) The following unit stresses in reinforcing steel shall not be exceeded: 


Tension: 
Intermediate grade billet steel................----. (fe) = 20,000 p. s. i. 
TRH BEES] On inn wo 5 oon Bira cn os Wolo oe Goer icicn Ounce (fs) = 20,000 p. s. i. 
Waly reillOrcementee cn eich terete cite steers resceret- (store (f.) =" 20,000" ps: 1- 
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Structuralsteel’shapes... jee) iterate (Gi) 18,000 p. s. i. 
Wire mesh or other steel reinforcement, not exceeding 
Y4 inch in diameter (used in one-way slabs), fifty per 
cent of the minimum yield point as established by the 


A.S. T. M. Standards for the particular grade of steel 


used= butmot tovexceed tae. a 4 tser ee ee enact Gr = 301000 prsai 
Compression 

Structural Steel section in composite columns........ 16,000 p. s. 1. 

Cast-Iron section in composite columns............. 10,000 p. s. i. 


Note: If special conditions require the use of Billet-Steel Concrete Reinforcement 
Bars of structural or hard grades, the allowable unit stress shall not exceed 
-18,000 p. s. i. for structural grade nor 20,000 p. s. i. for hard grade bars. 


CHAPTER 4——MIXING AND PLACING CONCRETE 
401—Preparation of Equipment and Place of Deposit . 

(a) Before placing concrete, all equipment for mixing and transporting the con- 
crete shall be cleaned, all debris and ice shall be removed from the places to be oc- 
cupied by the concrete, forms shall be thoroughly wetted (except in freezing weather) 
or oiled, and masonry filler units that will be in contact with concrete shall be well 
drenched (except in freezing weather), and the reinforcement shall be thoroughly 
cleaned of ice or other coatings. 

(b) Water shall be removed from place of deposit before concrete is placed unless 
otherwise permitted by the Commissioner of Buildings. 


402—Mizxing of Concrete 

(a) The concrete shall be mixed until there is a uniform distribution of the ma- 
terials and shall be discharged completely before the mixer is recharged. 

(b) For job mixed concrete, the mixer shall be rotated at a speed recommended by 
the manufacturers and mixing shall be continued for at least one minute after all 
materials are in the mixer. A longer mixing period may be required for mixers larger 
than one cubic yard capacity. 

(c) Ready mixed concrete shall be mixed and delivered in accordance with the 
requirements set forth in the ‘“Tentative Specifications for Ready Mixed Concrete”’ 
(A. 8. T. M. Serial Designation: C94-35). 


403—Conveying 

(a) Concrete shall be conveyed from the mixer to the place of final deposit by 
methods which will prevent the separation or loss of the materials. 

(b) Equipment for chuting, pumping and pneumatically conveying concrete shall 
be of such size and design as to insure a practically continuous flow of concrete at the 
delivery end without separation of the materials. 
404—Depositing 

(a) Concrete shall be deposited as nearly as practicable in its final position to avoid 
segregation due to rehandling or flowing. No concrete that has partially hardened 
or been contaminated by foreign material shall be deposited on the work, nor shall 
retempered concrete be used. 

(b) When concreting is once started, it shall be carried on as a continuous operation 
until the placing of the panel or section is completed. The top surface shall be gen- 


erally level. When construction joints are necessary, they shall be made in accord- 
ance with Section 508. 
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(c) All concrete shall be thoroughly compacted by suitable means during the 
operation of placing, and shall be thoroughly worked around reinforcement, embedded 
fixtures and into the corners of the forms. 

(d) Where conditions make compacting difficult, or where the reinforcement is 
congested, batches of mortar containing the same proportions of cement to sand as 
used in the concrete, shall first be deposited in the forms. The concreting shall be 
carried on at such a rate that the concrete is at all times plastic and flows readily 
into the spaces between the bars. 


405—Curing 

(a) In all concrete structures, provision shall be made for maintaining the concrete 
in a moist condition for a period of at least seven days after the placement of the 
concrete, and for high early strength concretes, special moist curing shall be provided 
for at least the first three days of the seven-day period after the placement of the 
concrete. 


406—Cold Weather Requirements 

(a) Adequate equipment shall be provided for heating the concrete materials and 
protecting the concrete during freezing or near-freezing weather. No frozen materials 
or materials containing ice shall be used. 

(b) All conerete materials and all reinforcement, forms, fillers and ground with 
which the concrete is to come in contact, shall be free from frost. Whenever the 
temperature of the surrounding air is below 40 degrees Fahrenheit all concrete placed 
in the forms shall have a temperature of between 70 degrees Fahrenheit and 100 
degrees Fahrenheit, and adequate means shall be provided for maintaining a tem- 
perature of 50 degrees Fahrenheit for not less than 72 hours after placing or for as 
much more time as is necessary to insure proper curing of the concrete. No depend- 
ence shall be placed on salt or other chemicals for the prevention of freezing. Manure, 
when used for protection shall not be applied directly to concrete. 


CHAPTER 5—FORMS AND DETAILS OF CONSTRUCTION 


501—Design of Forms 

(a) Forms shall conform to the shape, lines, and dimensions of the members as 
called for on the plans, and shall be substantial and sufficiently tight to prevent 
leakage of mortar. They shall be properly braced or tied together so as to maintain 
position and shape. 


502—Removal of Forms 

(a) Forms shall be removed in such a manner as to insure the complete safety of 
the structure. Where the structure as a whole is supported on shores, the removable 
floor forms, beams and girder sides, column and similar vertical forms may be re- 
moved after 24 hours, providing the concrete is sufficiently hard not to be injured 
thereby. In no case shall the supporting forms or shoring be removed until the 
members have acquired sufficient strength to support safely their weight and the 


load thereon. 


503—Pipes, Conduits, etc. Embedded in Concrete 

(a) Pipes which will contain liquid, gas or vapor at other than room temperature 
shall not be embedded in concrete necessary for structural stability or fire protection. 
Drain pipes and pipes whose contents will be under pressure greater than atmospheric 
pressure by more than one pound per square inch shall not be embedded in structural 
concrete except in passing through from one side to the other of a floor, wall or beam. 
Electric conduits and other pipes whose embedment is allowed shall not, with their 
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fittings, displace that concrete of a column on which stress is calculated or which is 
required for fire protection, to greater extent than four per cent of the area of the 
cross section. Sleeves or other pipes passing through floors, walls or beams shall not 
be of such size or in such location as unduly to impair the strength of the construction; 
such sleeves or pipes may be considered as replacing structurally the displaced con- 
crete, provided they are not exposed to rusting or other deterioration, are of un- 
coated iron or steel not thinner than standard wrought-iron pipe, have a nominal 
inside diameter not over two inches, and are spaced not less than three diameters on 
centers. Embedded pipes or conduits other than those merely passing through, shall 
not be larger in outside diameter than one-third the thickness of the slab, wall or 
beam in which they are embedded; shall not be spaced closer than three diameters 
on centers, nor so located as unduly to impair the strength of the construction. 
Circular uncoated or galvanized electric conduit of iron or steel may be considered 
as replacing the displaced concrete. 


504—Cleaning and Bending Reinforcement . 

(a) Metal reinforcement, at the time concrete is placed, shall be free from rust 
scale or other coatings that will destroy or reduce the bond. Bends for stirrups and 
ties shall be made around a pin having a diameter not less than two times the min- 
imum thickness of the bar. Bends for other bars shall be made around a pin having 
a diameter not less than six times the minimum thickness of the bar, except that for 
bars larger than one inch, the pin shall be not less than eight times the minimum 
thickness of the bar. All bars shall be bent cold. 


505—Placing Reinforcement 

(a) Metal reinforcement shall be accurately placed and adequately secured in 
position by concrete or metal chairs and spacers. The minimum clear distance be- 
tween parallel bars shall be 114 times the diameter for round bars and twice the side 
dimension for square bars. If special anchorage as required in Sec. 903 is provided, 
the minimum clear spacing between parallel bars shall be equal to the diameter for 
round bars and 11% times the side dimension for square bars. In no case shall the 
clear spacing between bars be less than 1 in., nor less than 114 times the maximum 
size of the coarse aggregate. 

(b) When wire or other reinforcement, not exceeding 14 inch in diameter is used as 
reinforcement for slabs not exceeding ten feet in span, the reinforcement may be 
curved from a point near the top of the slab over the support to a point near the 
bottom of the slab at mid-span; provided such reinforcement is either continuous 
over, or securely anchored to the support. 


506—S plices and Offsets in Reinforcement 

(a) In slabs, beams and girders, splices of reinforcement at points of maximum 
stress shall generally be avoided. Splices shall provide sufficent lap to transfer the 
stress between bars by bond and shear. In such splices the minimum spacing of 
bars shall be as specified in Sec. 505. 

(b) Where changes in the cross section of a column occur, the longitudinal bars 
shall be offset in a region where lateral support is afforded. Where offset, the slope 
of the inclined portion shall not be more than 1 in 6, and in the case of tied columns 
the ties shall be spaced not over three inches on centers for a distance of one foot 
below the actual point of offset. 


.507—Concrete Protection for Reinforcement 


(a) The reinforcement of footings and other principal structural members in which 
the concrete is deposited against the ground shall have not less than 3 inches of con- 
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crete between it and the ground contact surface. At other surfaces where concrete 
may be exposed to the ground or to weather, but is placed in forms, the metal re- 
inforcement shall be protected by at least 2 inches of concrete. 

(b) The protective covering for metal reinforcement at surfaces not exposed directly 
to ground or weather shall be 34 inches for slabs and walls; 114 inches for beams and 
girders; and 114 inches for columns. In concrete joist floors in which the clear distance 
between joists is not more than 30 inches, the protection of metal reinforcement shall 
be at least 34 inches. 

(c) The thicknesses given in (b) are specified as giving normal resistance to fire. 
If thicknesses greater than these are required for additional fire protection by the 
provisions of the section on fire resistive construction of the code of which these 
regulations form a part, such thicknesses shall be used in lieu of those specified herein. 

(d) Concrete protection for reinforcement shall in all cases be at least equal to the 
diameter of round bars, and one and one-half times the side dimension of square bars: 

(e) Exposed reinforcement bars intended for bonding with future extensions shall 
be protected from corrosion by concrete or other adequate covering. 
508—Construction Joints 

(a) Joints not indicated on the plans shall be so made and located as to least impair 
the strength of the structure. Where a joint is to be made, the surface of the. con- 
crete shall be thoroughly cleaned and all laitance removed. In addition to the fore- 
going, vertical joints shall be thoroughly wetted but not saturated, and slushed with 
a coat of neat cement grout immediately before the placing of new concrete. 

(b) At least 2 hours must elapse after depositing concrete in the columns or walls 
before depositing in beams, girders, or slabs supported thereon. Beams, girders, 
brackets, column capitals, and haunches shall be considered as part of the floor system 
and shall be placed monolithically therewith. 

(c) Construction joints in floors shall be located near the middle of the spans of 
slabs, beams, or girders, unless a beam intersects a girder at this point, in which case 
the joints in the girders shall be offset a distance equal to twice the width of the beam. 
In this last case provision shall be made for shear by use of inclined reinforcement. 


CHAPTER 6—DESIGN—-GENERAL CONSIDERATIONS 


601—Assumptions 

(a) The design of reinforced concrete members shall be made with reference to 
working stresses and safe loads. The accepted theory of flexure as applied to rein- 
forced concrete shall be applied to all members resisting bending. The following 
assumptions shall be made: 

(1) The steel takes all the tensile stress. 

(2) In determining the ratio n for design purposes, the modulus of elasticity for 
the concrete shall be taken as 1000 f’., and that for steel as 30,000,000 lb. per square 
inch. 
602—Design Loads 

(a) The provisions for design herein specified are based on the assumption that all 
structures shall be designed for all dead- and live-loads coming upon them, the live- 
loads to be in accordance with the general requirements of the building code of which 
this forms a part, with such reductions for girders and lower story columns as are 
permitted therein. 
6038—Resistance to Wind Forces 

(a) The resisting elements in structures required to resist wind forces shall be 
limited to the integral structural parts. 
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(b) The moments, shears, and direct stresses resulting from wind forces determined 
in accordance with recognized methods shall be added to the maximum stresses which 
obtain at any section for dead- and live-loads. 

(c) In proportioning the component parts of the structure for the maximum com- 
bined stresses, including wind stresses, the unit stresses shall not exceed the allowable 
stresses for combined live- and dead-loads provided in Sections 305 and 306 by more 
than one-third: The structural members and their connections shall be so propor- 
tioned as to provide suitable rigidity of structure. 


CHAPTER 7——FLEXURAL COMPUTATIONS 


701—General Requirements 


(a) All members shall be designed to resist at all sections the maximum bending 
moments and shears produced by dead load, live load and wind load, as determined 
by the principle of continuity. 
702—Conditions of Design 

(a) Permissible assumptions : 

The span length of freely supported beams and slabs shall be the clear span plus 
the depth of beam or slab, but shall not exceed the distance between centers of the 
supports. 


In the application of the principle of continuity, the following assumptions shall 
be permissible: 


(1) Consideration may be limited to combinations of dead load on all spans with 
full live load on two adjacent spans and with full live load on alternate spans. 

(2) Any reasonable and consistent assumptions may be made as to the relative 
stiffness of the floor construction and columns. In computing the relative stiff- 
ness of floors to columns, the value J of the floor members may be based on the 
1In the case of approximately equal spans with loads uniformly distributed, where the intensity of 


live load does not exceed three times the intensity of dead load, the clause is satisfied essentially 
by the following moments: 


Negative moment at face of first interior support 
For beams and girders and for slabs exceeding 10 feet 


1 
Two spans 3 wl’2 
More than two spans + wl’? 
For slabs not exceeding 10 feet in span 
1 
T — wl!? 
Wo spans i0 wl 
More than two spans + wl? 
Negative moment at face of other interior supports 
1 
ss 9 
12 wl 
Positive moment at center of span 
1 
End spar — wl'2 
pans 10 wl 
Interior spans ae wl’2 
12 


Shear in end members at first interior support 1,20 we 

wl’ 

Shear at other supports ar 
For the purposes of applying this method “approximately” shall be construed to mean that the 
longer of two adjacent spans shall not exceed the shorter by more than 20 per cent. In these expres- 


sions J’ = the clear span for positive moments and the average of the two adjacent clear spans for 
negative moment. 
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entire concrete sections neglecting the reinforcement, and that of columns on the 
entire concrete section plus the transformed steel section. The moment of inertia 
assumed for the columns in computing bending moments must also be used in 
computing stresses. 

(3) The far ends of columns above and below the floor under consideration may be 
considered fixed. 

(4) When members are deepened near their ends by haunches they may be analyzed 
as members of constant section provided the minimum depth is used throughout 
in computing stresses due to bending; otherwise a complete analysis is required. 
Where members are widened near their supports the additional width may be 
neglected in computing moments but may be used in computing stresses. 

Additional section at the end may in any case be utilized in resisting shear. 

(5) Where slabs of unform thickness are built integrally with their supports the span 
length may be taken equal to the clear span between faces of supports and the 
width of support otherwise neglected. 

(6) In the application of the principle of continuity, center to center distances may 
be used in the moment determination of all members. 

Moments prevailing at the faces of support may be used to proportion the 
members at these sections. 
(b) Limitations 

(1) Wherever at any section positive reinforcement is indicated by analysis, the 
amount provided shall be not less than .005 b’d except in slabs of uniform thick- 
ness. 

(2) Not less than .005 b’d of negative reinforcement shall be provided at the outer 
end of all members built integrally with their supports. 

(3) Where analysis indicates negative reinforcement along the full length of a span, 
the reinforcement need not be extended beyond the point where the required 
amount is .0025 b’d or less. 

(4) In slabs of unform thickness the minimum amount of reinforcement in the 
direction of principal stress shall be 

For structural, intermediate and hard grades and rail steel......... .0025 bd 
For steel having a minimum yield point of 56000 lb. per sq. in...... .002 bd 


708—Depth of Beam or Slab 

(a) The depth of the beam or slab shall be taken as the distance from the centroid 
of the tensile reinforcement to the compression face of the structural members. Any 
floor finish not placed monolithically with the floor slab shall not be included as a 
part of the structural member. When the finish is placed monolithically with the 
structural slab in buildings of the warehouse or industrial class, there shall be placed 
an additional depth of 44 inch over that required by the design of the member. 


704—Distance between Lateral Supports 
(a) The clear distance between lateral supports of a beam shall not exceed 32 times 
the least width of compression flange. 


705—Requirements for T-Beams 

(a) In T-beam construction the slab and beam shall be built integrally or otherwise 
effectively bonded together. The effective flange width to be used in the design of 
symmetrical T-beams shall not exceed one-fourth of the span length of the beam, and 
its overhanging width on either side of the web shall not exceed eight times the thick- 
ness of the slab nor one-half the clear distance to the next beam. 
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(b) For beams having a flange on one side only, the effective overhanging flange 
width shall not exceed one-twelfth of the span length of the beam, nor six times the 
thickness of the slab, nor one-half the clear distance to the next beam. 

(c) Where the principal reinforcement in a slab which is considered as the flange 
of a T-beam (not a rib in ribbed floors) is parallel to the beam, transverse reinforce- 
ment shall be provided in the top of the slab. This reinforcement shall be designed 
to carry the load on the portion of the slab assumed as the flange of the T-beam. The 
spacing of the bars shall not exceed five times the thickness of the flange, nor in any 
case 18 inches. 5 

(d) Provision shall be made for the compressive stress at the support in continuous 
T-beam construction, care being taken that the provisions of Sec. 505 relating to the 
spacing of bars, and 404 (d), relating to the placing of concrete shall be fully met. 
In no case shall the area of steel in compression at any cross-section adjacent to the 
support exceed 2 per cent of the cross-sectional area of the stem of the beam in that 
section. : . 

(e) The overhanging portion of the flange of the beam shall not be considered as 
effective in computing the shear and diagonal tension resistance of T-beams. 

(f) Isolated beams in which the T-form is used only for the purpose of providing 
additional compression area, shall have a flange thickness not less than one-half the 
width of the web and a total flange width not more than four times the web thickness. 


706—One-way Ribbed Floor Construction 

(a) Ribbed floor construction consists of concrete ribs and slabs placed mono- 
lithically with or without burned clay or concrete tile fillers. The ribs shall not be 
farther apart than 30 inches face to face. The ribs shall be straight, not less than 4 
inches wide, nor of a depth more than 3 times the width. 

(b) When burned clay or concrete tile fillers, of material having a unit compressive 
strength at least equal to that of the designed strength of the concrete in the ribs are 
used, and the fillers are so placed that the joints in alternate rows are staggered, the 
shells of the fillers in contact with the ribs may be included in the calculations in- 
volving shear or negative bending moment. No other portion of the fillers may be 
included in the design calculations. 

(c) The concrete slab over the fillers shall be not less than 1/4 inches in thickness, 
nor less in thickness than one-twelfth of the clear distance between ribs. Shrinkage 
reinforcement in the slab shall be provided as required in Sec. 708. 

(d) Where removable forms or fillers not complying with (b). are used, the thickness 
of the concrete slab shall not be less than one-twelfth of the clear distance between 
ribs and in no case less than two inches. Such slab shall be reinforced at right angles 
to the ribs with a minimum of .049 sq. in. of reinforcing steel per foot of width, and in 
slabs on which the prescribed live load does not exceed fifty lb. per sq.ft., no additional 
reinforcement will be required. 

(e) When the finish used as a wearing surface is placed monolithically with the 
structural slab in buildings of the warehouse or industrial class, the thickness of the 
concrete over the fillers shall be 4% inch greater than the thickness used for design 
purposes. 

(f) Where the slab contains conduits or pipes, the thickness shall not be less than 
1 inch plus the total over-all depth of such conduits or pipes at any point. Such 
conduits or pipes shall be so located as not to impair the strength of the construction. 


707—Compression Steel in Flexural Members 
(a) Where it is necessary to introduce steel in compression in girders, beams, or 
slabs, such steel shall be thoroughly anchored by ties or stirrups not less than 14 inch 


Mar.-Apr. 1936 Building Regulations for Reinforced Concrete 423 


in size which shall be spaced not more than 8 inches apart over the distance where the 
compression steel is required. 


708—Shrinkage and Temperature Reinforcement 


(a) Reinforcement for shrinkage and temperature stresses normal to the principal 
reinforcement shall be provided in floor and roof slabs where the principal reinforce- 
ment extends in one direction only. Such reinforcement shall provide for the follow- 
ing minimum ratios of reinforcement area to concrete area (bd), but in no case shall 
such reinforcing bars be placed farther apart than five times the slab thickness nor 
more than 18 inches: 


Floor slabs where plain bars are used................-..08s0s0002- 0.0025. 
Floor slabs where deformed bars are used..............-.0000-000- 0.002 
Floor slabs where wire fabric is used, having welded intersections not 

farther apart in the direction of stress than 12 inches............. 0.0018 
Roof slabs where plain bars are used.............-+---+22 esse eeee> 0.003 
Roof slabs where deformed bars are used...........-.--0 ee nee eee 0.0025 
Roof slabs where wire fabric is used, having welded intersections not 

farther apart in the direction of stress than 12 inches............. 0.0022 


709—Floors with Supports on Four Sides? 


(a) This construction, consisting of floors reinforced in two directions and supported 
on four sides, includes solid reinforced concrete slabs; concrete ribs with burned clay 
or concrete tile fillers, with or without concrete top slabs; and concrete ribs with top 
slabs placed monolithically with the ribs. The supports for the floor slabs may be 
walls, reinforced concrete beams, or steel beams fully encased in concrete. 

(b) When burned clay or concrete tile fillers, of material having a unit compressive 
strength at least equal to that of the designed strength of the concrete in the ribs are 
used, the shells in contact with the concrete ribs may be included in calculations in- 
volving resistance to shear and bending moment, and the top and bottom shells may 
be included in calculations involving resistance to bending moment. 

(c) When a concrete top slab, placed monolithically with the ribs is used, it shall 
be not less in thickness than 14 inches nor less than one-twelfth of the clear distance 
between ribs. It shall be reinforced for shrinkage as required in Section 708. 

(d) Where removable forms or fillers not complying with 709 (b) are used, the 
thickness of the concrete slab shall not be less than one-twelfth of the clear distance 
between ribs and in no case less than two inches. Such slab shall be reinforced to 
provide sufficient strength to carry the imposed loads. 

(e) The values of the factors to be used in computations are as follows: 

(1) For simple spans 


iy = Jp el 
(2) For end spans, continuous at one end only 
25) 
= a oe IEG A eh eden Tepe ne Pca are ab Bo 08S Ho 6 (2) 

ee pte A 
8 Kar 
.25 

Vie es ee pe Ae Re a eaten eae ne ns eR RS ch CaS (3) 
8 Ker 


‘ ‘ s : : or 
2No exact theoretical solution of the problem of the stresses in a series of adjacent unequal rectangul 
panels has yet been brought to the attention of the committee. The approximate solution embodied 

in this Section is believed to be conservative, but the best available. 
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(8) For interior continuous spans 


i TAS 
Pee 4 SO ae nat TOL oe (4) 
2 2 
1 ,—— 1 —-— 
Fz Pas — User Hag — Usgr stelle: cfs (al Gi ape Keitel eitonca all xtialts ental oteanta oat to autate tolls (5) 
in which 
af 
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Uar => a 
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(4) For strips rigidly anchored to the supports 


2 
€A a fine (for span A) ps5 osc Gian te ee ee ree (6) 
z f B) (6a) 
= are LO vB) Macher hee es, eee 
On gay iy) r spa 
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(5) For strips not rigidly anchored at one or both ends, and for ribbed construction 
without filler blocks 


ea = 1.0 (for span A) 
eg = 1.0 (for span B) 


(6) Load distribution factor 


1 
TA PAT elegy pee (for SPalleA) tain eter 


ize Se nae (for spans) 
(f) Slab Thickness 


The minimum thickness of the slab which shall not be less than 4 inches shall 
be computed by formula (8). 


_A+B-0.10N 8 2000 


0 
ie 
72 f' 


(g) Bending Moments 


(1) The bending moments at any section of any strip one foot wide, extending the full 
length of the continuous siab, shall be determined on the basis of the recognized 
principles of mechanics relating to continuous beams for those conditions of load- 
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ing which cause maximum moment at any section, using an equivalent uniform 
load of earaw in the A direction, and egrgw in the B direction. 
(h) Supporting Beams 
(1) For span A, the maximum bending moments in the supporting beams may be 
determined from an equivalent uniformly distributed load per linear foot of 


B 
MiG 5 GPCR eT ER CIS eater EOE MEN etre Medes pain ee) PEM oie REE ce (9) 
(2) For span A, the maximum shear in the supporting beams may be determined by 
formula (12). 
BA 
Shear,,.; = w va GI ao 2) eee UNE a Rn Slee: con Senay oe et (10) 


(3) For the purpose of computing shear and bending moments at intermediate points 
for the supporting beams of span A, the total load from a two-way panel AB, 
carried on the beam of span A shall at least be equal to 


BA P ; 
Total Load = le (1 — ra), considered uniformly varying in intensity 
B 
ORE, Ge Dir Seana) mat thercenten: . ye .amee daca: chiens cise (11) 
B 
to wD Civ wAr a" Senna) vatitnersuppOLis’)..... tei crams sie ee etal i (11a) 


(4) For span B, in the foregoing formulas, replace A with B, B with A, ra with ra, and 

ea With ep. 
(i) Panels of Approximately Uniform Stiffness 
When the ratio of the stiffness factor of the span under consideration to that of 

each adjacent span is at least 24 and at most 3/2, Ff, or Fz, may be taken as 0.76 

for interior spans, 0.87 for end spans and 1.0 for simple spans. 
(7) Shear in Slab 

(1) For purposes of determining shear in the strip one foot wide carrying the maxi- 
mum load, the total load for the length of span A shall be 

Total Load = rawA, considered uniformly varying in intensity from 
raw (Bea — 2) at the center of the span to........-....00-. eee eee (12) 
FUa (4 SCARE UE UME SUPP ORUSAI trys he cette sitar a ete reer ose ee ae rey (12a) 

(2) Similarly, the total load carried on a strip one foot wide for the length of span B 
shall be 

Total Load = rgwB, considered uniformly varying in intensity from 

rpw (Zep — 2) at the center of the span, to..........-+-..+-++++++0: (13) 
ME A= Bes eso Ue SUPPOLUS tone) seen har alerts ome arr tana (13a) 
(k) Arrangement of Reinforcement 

(1) In any panel, the reinforcement per unit width in the long direction shall be at 
least one-third of that provided in the short direction. 

(2) The positive moment reinforcement adjacent to a continuous edge only and for a 
width not exceeding one-fourth of the shorter dimension of the panel may be 
reduced 25 per cent. 

(3) At a non-continuous edge negative moment reinforcement per unit width in 
amount at least as great as one-half of that required for maximum positive 
moment for the center one-half of the panel shall be provided across the entire 
width of the exterior support. 
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(4) The spacing of the reinforcement shall be not more than 3 times the slab thickness 
and the ratio of reinforcement shall be at least 0.0025. 

(5) The amount of reinforcement in any one foot wide strip shall be at least 0.003 
times the product of the width of strip by the effective depth. 


710—Mazximum Spacing of Principal Slab Reinforcement 
(a) In slabs other than ribbed floor construction or flat slabs, the principal rein- 
forcement shall not be spaced farther apart than three times the slab thickness, nor 
shall the ratio of reinforcement be less than specified in Section 708 (a). 


CHAPTER 8—SHEAR AND DIAGONAL TENSION 


801—Shearing Unit Siress 
(a) The shearing unit stress (v) in reinforced concrete beams shall be computed 
by formula (14): 


byd 

(b) For beams of I or 7 section b’ shall be substituted for b in formula (14). 

(c) In ribbed construction, where burned clay or concrete tile are used, b’ may 
be taken as a width equal to the thickness of the concrete web plus the thicknesses 
of the vertical shells of the concrete or burned clay tile in contact with the joist as in 
Sec. 707 (b). 

(d) When the value of the shearing unit stress computed by formula (14) exceeds 
the shearing unit stress (v.) permitted on the concrete of an unreinforced web (see 
Sec. 305 (a) ), web reinforcement shall be provided to carry the excess. 


802—Types of Web Reinforcement 
(a) Web reinforcement may consist of: 
(1) Stirrups or web reinforcement bars perpendicular to the longitudinal steel. 
(2) Stirrups or web reinforcement bars welded or otherwise rigidly attached to the 
longitudinal steel and making an angle of 30 degrees or more thereto. 
(3) Longitudinal bars bent so that the axis of the inclined portion of the bar makes 
an angle of 15 degrees or more with the axis of the longitudinal portion of the bar. 
(4) Special arrangements of bars with adequate provisions to prevent slip of bars 
or splitting of the concrete by the reinforcement (see Sec. 804(f).) 
(b) Stirrups or other bars to be considered effective as web reinforcement shall be 
anchored at both ends, according to the provisions of Sec. 904. 


8038—Stirrups 

(a) The area of steel required in stirrups placed perpendicular to the longitudinal 
reinforcement shall be computed by formula (15). 

V's 
aes VT (15) 

(b) Inclined stirrups shall be proportioned by formula (17) (Sec. 804 d). 

(c) Stirrups placed perpendicular to the longitudinal reinforcement shall not be 
used alone as web reinforcement when the shearing unit stress (v) exceeds 0.08f".. 


804—Bent Bars 
(a) When the web reinforcement consists of a single bent bar or of a single group 
of bent bars the required area of such bars shall be computed by formula (16) 
/ 
A, = allah 
fo sin a 
(b) In formula (16) V’ shall not exceed 0.040 f’, bjd. 
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(c) Only the center three-fourths of the inclined portion of such bar, or group of 
bars, shall be considered effective as web reinforcement. 

(d) Where there is a series of parallel bent bars, the required area shall be de- 
termined by formula (17). 

yea AES 

fojd (sin a + cos a) 

(ec) When bent bars, having a radius of bend of not more than two times the 
diameter of the bar are used alone as web reinforcement, the allowable shearing unit 
stress shall not exceed 0.060 f’.. This shearing unit stress may be increased at the 
rate of 0.01 f’, for each increase of four bar diameters in the radius of bend until the 
maximum allowable shearing unit stress is reached. (See Sec. 305 (a). ) 

(f) The shearing unit stress permitted when special arrangements of bars are em- 
ployed shall be that determined by making comparative tests, to destruction, of 
specimens of the proposed system and of similar specimens reinforced in conformity 
with the provisions of this code, the same factor of safety being applied in both cases. 


805—Combined Web Reinforcement 

(a) Where more than one type of reinforcement is used to reinforce the same portion 
of the web, the total shearing resistance of this portion of the web shall be assumed 
as the sum of the shearing resistances computed for the various types separately. In 


such computations the shearing resistance of the concrete shall be included only 


once, and no one type of reinforcement shall be assumed to resist more than 


806—Spacing of Web Reinforcement 

(a) Where web reinforcement is required it shall be so spaced that every 45 degree 
line (representing a potential crack) extending from the mid-depth of the beam to the 
longitudinal tension bars shali be crossed by at least one line of web reinforcement. 
If a shearing unit stress in excess of 0.06 f’, is used, every such line shall be crossed 
by at least two such lines of web reinforcement. 


807—Shearing Stress in Flat Slabs 

(a) In flat slabs, the shearing unit stress on a vertical section which lies at a distance 
t, — 114 in. beyond the edge of the column capital and parallel with it, shall not exceed 
the following values when computed by formula (14) (in which d shall be taken as 
y — 1% in.): 

(1) 0.03 f’., when at least 50 per cent of the total negative reinforcement passes 
directly over the column capital. 

(2) 0.025 f’., when 25 per cent of the total negative reinforcement passes directly 
over the column capital. 

(3) For intermediate percentages, intermediate values of the shearing unit stress 
shall be used. 

(b) In flat slabs, the shearing unit stress on a vertical section which lies at a distance 
of tf, — 114 in. beyond the edge of the dropped panel and parallel with it shall not 
exceed 0.03 f’. when computed by formula (14) (in which d shall be taken as t2 — 1% 
in.). At least 50 per cent of the cross-sectional area of the negative reinforcement in 
the column strip must be within the width of strip directly above the dropped panel. 


808—Shear and Diagonal Tension in Footings 

(a) The shearing unit stress computed by formula (14) on the critical section (see 
1204 (a) ), shall not exceed 0.02 f’. for footings with straight bars, nor 0.03 f’. for 
footings in which the bars are anchored at both ends by adequate hooks or as other- 
wise specified in Sec. 905. 
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CHAPTER 9—BOND AND ANCHORAGE 


901—Computation of Bond Stress in Beams 


(a) In flexural members in which the tensile reinforcement is parallel to the com- 
pression face, the bond stress at any cross section shall be computed by formula (18). 


“= 30 jd 
in which V is the shear at that section. 

(b) Adequate end anchorage shall be provided for the tensile reinforcement in all 
flexural members to which formula (18) does not apply, such as footings, brackets 
and other tapered or stepped beams in which the tensile reinforcement is not parallel 
to the compression face. 


3902—Ordinary Anchorage Requirements 


(a) Tensile negative reinforcement in any span of a continuous, restrained, or : 
cantilever beam, or in any member of a rigid frame shall be adequately anchored by 
bond, hooks or mechanical anchors in or through the supporting member. Within 
any such span every reinforcing bar shall be extended at least 12 diameters beyond 
the point at which it is no longer needed to resist stress. In cases where the length 
from the point of maximum tensile stress in the bar to the end of the bar is not 
sufficient to develop this maximum stress by bond, the bar shall extend into a region 
of compression and be anchored by means of a standard hook or it shall be bent 
across the web at an angle of not less than 15 degrees with the longitudinal portion 
of the bar and either made continuous with the positive reinforcement or anchored 
in a region of compression. 

(b) Of the positive reinforcement in continuous beams not less than one-fourth the 
area shall extend along the same face of the beam into the support a distance of ten 
or more bar diameters, or shall be extended as far as possible into the support and 
terminated in standard hooks. 

(c) In simple beams, or at the outer ends of freely supported end spans of con- 
tinuous beams, at least one-half the positive reinforcement shall extend along the 
same face of the beam into the support a distance of ten or more bar diameters, or 
shall be extended as far as possible into the support and terminated in standard hooks. 
9038—Special Anchorage Requirements 

(a) Where increased shearing or bond stresses are permitted because of the use of 
special anchorage (see Sec. 305), every bar shall be terminated in a standard hook in 
a region of compression, or it shall be bent across the web at an angle of not less than 


15 degrees with the longitudinal portion of the bar and made continuous with the 
negative or positive reinforcement. 


904—Anchorage of Web Reinforcement 
(a) Single separate bars used as web reinforcement shall be anchored at each end 
by one of the following methods: 

(1) Welding to longitudinal reinforcement. 

(2) Hooking tightly around the longitudinal reinforcement through 180 degrees. 

(3) Embedment in the compression area of the beam a distance sufficient to develop 
the allowable tensile stress specified in Sec. 306 at a bond stress not exceeding 
-04 f’. on plain bars nor .05 ’, on deformed bars. 

(4) Standard hook plus embedment in the compression area of the beam, which 
embedment exclusive of the hook shall be sufficient to develop by bond a stress 
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of not less than 10,000 lb. per sq. in. at a bond stress of not more than .04 f’, on 
plain bars nor .05 f’, on deformed bars. 

(6) The extreme ends of bars forming simple U or multiple stirrups shall be an- 
chored by one of the methods of Sec. 904 (a) or shall be bent through an angle of at 
least 90 degrees tightly around a longitudinal reinforcing bar not less in diameter 
than the stirrup bar, and shall project beyond the bend at least 12 diameters of the 
stirrup bar. 

(c) The loops or closed ends of such stirrups shall be anchored by bending around 
the longitudinal reinforeement through an angle of at least 90 degrees, or by being 
welded or otherwise rigidly attached thereto. 

(d) Hooking or bending stirrups or separate web reinforcement bars around the 
longitudinal reinforcement shall be considered effective only when these bars are 
perpendicular to the longitudinal reinforcement. 

(e) Longitudinal bars bent to act as web reinforcement shall, in a region of tension, 
be continuous with the longitudinal reinforcement. The tensile stress in each bar 
- shall be fully developed in both the upper and the lower half of the beam by one of the 
following methods: 

(1) As specified in Sec. 904 (a), (3). 

(2) As specified in Sec. 904 (a), (4). 

(3) By bond, at a unit bond stress not exceeding .04 f’. on plain bars nor .05 f’, on 
deformed bars, plus a bend of radius not less than two times the diameter of the 
bar, parallel to the upper or lower surface of the beam, plus an extension of the 
bar of not less than 12 diameters of the bar terminating in a standard hook. 
This short radius bend extension and hook shall together not be counted upon to 
develop a tensile unit stress in the bar of more than 10,000 lb. per se. in. ; 

(4) By bond, at a unit bond stress not exceeding .04 f’. on plain bars nor .05 f’. on 
deformed bars, plus a bend, of radius not less than 2 times the diameter of the 
bar, parallel to the upper or lower surface of the beam and continuous with the 
longitudinal reinforcement. The short radius bend and continuity shall together 
not be counted upon to develop a tensile unit stress in the bar of more than 10,000 
Ib. per sq. in. 

(5) The tensile unit stress at the beginning of a bend may be increased from 10,000 
Ib. per sq. in, when the radius of bend is 2 bar diameters, at the rate of 1,000 lb. 
per sq. in. tension for each increase of 114 bar diameters in the radius of bend, 
provided that the length of the bar in the bend and extension is sufficient to 
develop this increased tensile stress by bond at the unit stresses given in Sec. 
904 (e) (3). 

(f) In all cases web reinforcement shall be carried as close to the compression 
surface of the beam as fireproofing regulations and the proximity of other steel will 
permit. 


905—Anchorage of Bars in Footing Slabs 

(a) All bars in footing slabs, except the longitudinal reinforcement between loads 
in continuous slab footings, shall be anchored by means of standard hooks. The 
outer faces of these hooks shall be not less than three inches nor more than six 
inches from the face of the footing. 


906—Hooks 

(a) The terms “hook” or “standard hook” as used herein shall mean a complete 
semicircular turn with a radius of bend on the axis of the bar of not less than three 
and not more than six bar diameters, plus an extension of at least four bar diameters 
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at the free end of the bar. Hooks having a radius of bend of more than six bar 
diameters shall be considered merely as extensions to the bars, and shall be treated 
as in Sec. 904 (e) (5). 

(b) In general, hooks shall not be permitted in the tension portion of any beam 
except at the ends of simple or cantilever beams or at the freely supported ends of 
continuous or restrained beams. 

(c) No hook shall be assumed to carry a load which would produce a tensile stress 
in the bar greater than 10,000 lb. per sq. in. 

(d) Any mechanical device capable of developing the strength of the bar without 
damage to the concrete may be used in lieu of a hook. Tests must be presented to 
show the adequacy of such devices. 


CHAPTER 10—FLAT SLABS—TWO-WAY AND FOUR-WAY SYSTEMS 
WITH SQUARE OR RECTANGULAR PANELS 


1001—Limitations % 


(a) The term flat slabs as used in these regulations refers to concrete slabs, with- 
out beams or girders to carry the load to supporting members, reinforced with bars 
extending in two or four directions. Slabs with dropped panels or paneled ceilings 
shall be considered as flat slabs provided that they meet the requirements herein 
given for such construction. 

(b) The moment coefficients, moment distribution, and slab thicknesses specified 
herein are for a series of rectangular slabs of approximately uniform size arranged in 
three or more rows of panels in each direction, and in which the ratio of length to 
width of panel does not exceed 1.33. 

(c) For structures having a width of less than three rows of panels, or in which 
irregular panels are used, an analysis shall be made of the moments developed in both 
slabs and columns.* When so required, computations shall be submitted to the 
Commissioner of Buildings for approval. 


1002—Panel Strips and Principol Design Sections 


(a) A flat slab panel shall be considered as consisting of strips in each direction as 
follows: 

A middle strip one-half panel in width, symmetrical about panel center line and 
extending through the panel in the direction in which moments are considered. 

A column strip one-half panel in width occupying the two-quarter panel areas 
outside of the middle strip. 

(b) The critical sections for moment calculations are referred to as principal design 
sections and are located as follows: 

Sections for Negative Moment. These shall be taken along the edges of the panel, 
on lines joining the column centers, except that they follow the perimeter of the 
column capital instead of passing through it. 

Sections for Positive Moment. These shall be taken on the center lines of the 
panel. 

(c) In the two-way system it shall be assumed that the various moments in the 
strips are resisted by the bands located within the strips, each band being .5 l,, in 
width. 

(d) In the four-way system, it shall be assumed that the column strip positive 
moment is resisted by the direct band; that the column strip negative moment is 


*It is not the intention to prohibit flat slab construction for panels longer than 1.33 times the wi 
or for buildings less than three bays wide, provided the moment factors are properly adie sd 


Mar.-Apr. 1936 Building Regulations for Reinforced Concrete 431 


resisted by the direct band plus the two diagonal bands multiplied by the cosine 
of the angle between the direct: band and the diagonal bands; that the middle strip 
positive moment is resisted by the two diagonal bands multiplied by the cosine of the 
angle between the axis of the middle strip and the diagonal bands; and that the 
middle strip negative moment is resisted by an independent top band across the 
middle of the direct band. The width of direct and middle strip negative bands shall 
be approximately .4 1, the width of the diagonal bands shall be approximately .4 of 
the average span length or 


(i + h) 
& 
(e) The width of the column head section for compression shall be taken as the 


width of the dropped panel (b:), or half the width of the panel (.5 1) where no dropped 
panel is used. 


1003—Slab Thickness and Dropped Panel Sizes 


(a) In Table 1 are given the thicknesses, dimensions and moments governing flat 
slab design when f’, equals 2,000 lb. per sq. in. The general formulas are given under 
the heading “General Case;” the formulas for the case where the diameter of the 
column capital (c) = 0.225 1 are given under the heading “Special Case” for (c) = 
0.225 L. 

(b) Where f’, is greater than 2,000 lb. per sq. in., the required and minimum slab 
thicknesses given in Table 1 may be reduced by multiplying by the factor 


re 


in which f’, is the ultimate 28-day compressive strength of the concrete to be used. 


TABLE 1—LIMITATIONS FOR SLAB THICKNESSES, DROPPED PANELS AND MOMENTS 


Symbol} Unit General Case Special Case For 
c = .225l 
Minimum Floor Slab Thickness | #1 or f2 | Inches . 375 (long 1) 0.375 (long 1) 
Minimum Roof Slab Thickness| ti or t2 | Inches | 0.300 (long 1) 0.300 (long 1) 
hao without Dropped] 4 Inches 0.038 (1 eli 1.445) fe ga kD (19) 
0.0251 Vw’ + 134 (19a) 
Jab Thickness beyond Dropped| ie e 
: Deak ss te Inches | 0.021 Vw’ +1 (20) 0.021V¥w7 +1 (20a) 
lab Thickness through Dropped! (Minimum = 1.25 fz (Minimum = 1.25 ts 
Saag 5 i t Inches | (Maximum = 1.50 te (Maximum = 1.50 fz 
Maximum I to be used in thick- 
ness formulas 
ini id diameter of 
eeopped Panel bs Feet | 0.354 0.354 
Numerical sum of positive and 
negative qnomente in direction) 
i i interior rec-| 2 
ee Sens Mo ft.Ib. | 0.0977 (2 - “ (21) 0.065W1 (21a) 


In these tables (J), (1), (b:1) and (c) are always expressed in feet while the units to which the formulas 
develop are shown in the column headed “‘units.’’ 
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TABLE 2—-MOMENTS TO BE USED IN DESIGN OF AN INTERIOR PANEL OF FLAT SLAB 


- General | Special Case 
Symbol Units Case c = .2251 
TWO-WAY SYSTEM WITH DROPPED PANEL 
Column Strip, Negative Moment —M. ft. lb. 0.50Mo 0.0325W1 
Column Strip, Positive Moment +M- ft. lb. 0.20M. 0.0130W1 
Middle Strip, Negative Moment —Mn ft. lb. 0.15Mo 0.00975 W1 
Middle Strip, Positive Moment +Mm ft. lb. 0.15M. 0.00975W1 
TWO-WAY SYSTEM WITHOUT DROPPED 
PANEL . 
Column Strip, Negative Moment —Me ft. lb. 0.46Mo 0.0380 W1 
Column Strip, Positive Moment +M- it. Ib; 0.22M. 0.0142 W1 
Middle Strip, Negative Moment —Mn ft. lb. 0.16Mo 0.0104 W1 
Middle Strip, Positive Moment +Mm ft. lb. 0.16M. 0.0104 W1 
FOUR-WAY SYSTEM WITH DROPPED 
PANELS (MOMENTS BY STRIPS) 
Column Strip, Negative Moment —M- ftolb: 0.54M. 0.0351 W1 
Column Strip, Positive Moment +M- ft. lb. 0.19M. 0.0124W1 
Middle Strip, Negative Moment —Mn ft. Ib. 0.08Mo 0.0052W1 
Middle Strip, Positive Moment +Mm ft. ib: 0.19M. 0.0124W1 
(MOMENTS BY BANDS) 
Direct Band, Negative Moment —M ft. lb. 0.307M. | 0.0200W1l 
Direct Band, Positive Moment +M ft. lb. 0.19M. 0.0124 W1 
Diagonal Band, Negative Moment —M ft. lb. 0.168M. | 0.0109W1 
Diagonal Band, Positive Moment +M ft. Ib. 0.184M. | 0.0087Wi 
_ Cross Band, Negative Moment —M ft. lb: 0.08Mo 0.0052W1 
FOUR-WAY SYSTEM WITHOUT DROPPED 
PANELS (MOMENTS BY STRIPS) 
Column Strip, Negative Moment —M ft. lb. 0.50M. 0.0325Wl 
Column Strip, Positive Moment +M ft. lb. 0.20Mo 0.0130Wi 
Middle Strip, Negative Moment "i —M ft. lb. 0.10Mo. 0.0065W1 
_Middle Strip, Positive Moment +i ft. Ib. 0.20Mo. 0.0130W1 
(MOMENTS BY BANDS) 
Direct Band, Negative Moment —M £t.. lb: 0.30M. 0.0195W1 
Direct Band, Positive Moment +M £t. lb: 0.20M. 0.0130W1 
Diagonal Band, Negative Moment —M ft. Pb: 0.141M. | 0.0092W1 
Diagonal Band, Positive Moment +M ft. lb. 0.141M. | 0.0092W1 
Cross Band, Negative Moment —M ft. lb. 0.10M. 0.0065W1 


1004—Column Capital Sizes 


(a) The average (c) for the columns at the four corners of a panel shall be used in 
obtaining the slab thickness, the numerical sum of the total positive and negative 
moments (M,) in either direction and the middle strip positive and negative moments 
in either direction. 


(b) The average (c) for two adjacent columns shall be used in obtaining the positive 
and negative moments in the column strip between these adjacent columns. 


1005—Panels with Marginal Beams or Reinforced Bearing Walls 


1006—Limitations (Applicable to Tables 2, 3 and 4) 


(a) Any of the above moments may be varied by not more than six per cent, pro- 
vided that the total numerical sum of the positive and negative moments on the 
principal design sections is not reduced. 

(b) The ratio of reinforcement considered in any strip shall not exceed the value 
of (p) calculated for balanced reinforcement by Sec. 305, 306. The ratio of reinforce- 
ment in any strip shall not be less than .0025. Bars shall not be spaced farther apart 
than 11% times the slab thickness for the full width of the bands. 
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TABLE 3—MOMENTS TO BE USED IN DESIGN OF AN EXTERIOR PANEL OF FLAT SLAB 


Moments in the strips perpendicular to the discontinuous edge where they differ from an interior 
panel, are given in the following table. Negative moments in the column strip and middle strip on the 
line of the first interior columns are the same as for an interior panel. Moments in the strips parallel 
to the discontinuous edge are the same as for an interior panel. 


l 
¢ General | Special Case 
~ Symbol Units Case c¢ = ,2251 

TWO-WAY SYSTEM WITH DROPPED © 

PANEL 
Column Strip Negative Moment at discontinuous | 

edge . —Me ft.Ib. | 0.45Mo | 0.02911 
Column Strip Positive Moment +M-. ft. lb. 0.25Mo. 0.016W1 
Middle Strip Negative Moment at discontinuous 

edge * —Mm ft.lb. | 0.10M. | 0.0065W1 
Middle Strip Positive Moment +Mn ft. lb. 0.19M. 0.012W1l 
TWO-WAY SYSTEM WITHOUT DROPPED} 

PANEL 
Column Strip Negative Moment at discontinuous) 

bleh Cini, que —Me ft.lb. | 0.41M. | 0.027WL 
Column Strip Positive Moment +Me ft. Ib. 0.28Mo 0.018W1 
Middle Strip Negative Moment at discontintuous 

edge x —Mn ft.lb. | 0.10M@. | 0.007W1 
Middle Strip Positive Moment +Mm ft. Ib. 0.20Mo 0.013Wl 
FOUR-WAY SYSTEM WITH DROPPED 

PANELS (MOMENTS BY STRIPS) 
Column Strip Negative Moment at discontinuous 

edge —M ft. lb. 0.485Mo | 0.0315 W1 
Column Strip Positive Moment +M ft. Ib. 0.24Mo 0.0156 W1 
Middle Strip Negative Moment at discontinuous 

edge —-M ft. lb. 0.05Mo 0.0032W1 
Middle Strip Positive Moment | +M \ ftelibs 0.24Mo 0.0156 W1 

<8 | : 

(MOMENTS BY BANDS) (FOR SQUARE 

PANEL) 
Direct Band at Column Head at discontinuous edge —M ft. lb. 0.28M. 0.018W1 
Direct Band at Center +M ft; Jb: 0.24Mo 0.0156 W1 
Diagonal Bands at Column Head at discontinuous 

edge —M ftilb. 0.15Mo. 0.010W1 
Diagonal Bands at Center +M ft. Ib. 0.17Mo 0.011Wi 
Top Band (across Middle of Direct) at discon- 

tinuous edge —M ft. Ib. 0.05Mo 0.003 W1 
FOUR-WAY SYSTEM WITHOUT DROPPED 

PANELS (MOMENTS BY STRIPS) 
Column Strip Negative Moment at discontinuous 

edge —M ft. lb. 0.45Mo 0.029W1 
Column Strip Positive Moment ‘ : +M fits lbs 0.25Mo 0.0163 W1 
Middle Strip Negative Moment at discontinuous 

edge —M ft. lb. 0.062Mo | 0.004W1 
Middle Strip Positive Moment +M ft. Ib. 0.25Mo 0.016W1 
(MOMENTS BY BANDS) (FOR SQUARE 

PANEL) 
Direct Band at Column Head at discontinuous edge —M ft. lb. 0.27Mo 0.017W1 
Direct Bend at Center — +M ft. Ib. 0.25Mo 0.016W1 

i Head at di ti ; 
Disgore Bands at Column Head at discon inueys ay, eet ere oOOkea 
Diagonal Bands at a fas / +M ft. Ib. 0.18Mo 0.0117W1 

Ai irect) at discon- 

Re pe bread es ne ® e —M itaib; 0.06Mo 0.004 W1 


(c) Moments for the four-way system are shown in the above table by strips, and 
for convenience, also by bands. 


(d) Slabs supported by marginal beams on opposite edges shall be designed as solid 
one or two-way slabs to carry the entire panel load. 
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TABLE4—MOMENTS TO BE USED IN DESIGN OF PANELS WITH MARGINAL 
BEAMS OR REINFORCED BEARING WALLS 


Marginal Beams with Depth greater Marginal Beam with depth 1)4 times 
than 14% times the Slab Thickness; the Slab Thickness or less. 
or reinforced Bearing Wall. 


(a) Load to be carried | Loads directly superimposed upon Loads directly superimposed upon it 
by Marginal Beam | it plus a uniform load equal to one- | exclusive of any panel load. 


or Wall. quarter of the total live and dead 
panel load. 
\ 
Two-Way Four-Way Two-Way Four-Way 
System System System System 

, With- With- 
With j|Without| With | Without With out With out 
Drop Drop Drop Drop Drop | Drop Drop | Drop 


(b) Moment to be|Neg.} .125M.| .115Mo | 185M. | .125Mo.|Neg.| .25Mo | .28Mo| .27Mo | .25Me 
used in the de- 
sign of Half 
Column Strip|Pos.|.05 Mo} .055Mo | .0475M.| .05Mo |Pos.| .10Mo | .11M. | .095M. | .10Mo 
adjacent and 
parallel to ~ 
Marginal 
Beam or Wall. 


(c) Negative Mo-|Neg.|.195Mo | .208M.| .104M.| 13M. |Neg.| .15Mo | .16Mo | .0O8Mo | .10Me 
ment to be | 
used in Design 
of Middle Strip 
continuous 
over Beam or 
Wall. 


1007—Length of Bars and Points of Bend 


The positive moment reinforcement perpendicular to the discontinuous edge shall 
extend to this edge and have an embedment of at least 6 inches in spandrel beams 
or columns. All negative moment reinforcement shall be bent or hooked at spandrel 
beams or columns to provide adequate bond resistance. Length of bars and points 
of bend shall be as given in Table 5. 


1008—Arrangement of Reinforcement 


(a) The slab reinforcement shall be accurately placed so as to resist not only the 
moments at the critical sections, but also the moments at intermediate sections, and 
shall be secured and supported by concrete or metal chairs and spacers. 


1009—Brackets 


(a) Brackets extending the full width of the column may be substituted for column 
capitals at exterior columns, provided the sloping face of the bracket makes an angle 
not more than forty-five degrees with the face of the column, projected upward. 

(b) The value of (c) where brackets are used is twice the distance from the center 
of the column to a point where the bracket is 114 inches thick. 


1010-—Columns Without Capitals or Brackets 


(a) Brackets and column capitals may be omitted altogether, provided the slab 
thickness is sufficient to fully resist the moments and shears at the column head 
section. 


(b) The value of (c) where brackets and column capitals are omitted is the width 
of the column in the direction in which moments are considered, except that, when a 
beam of greater depth than the thickness of the slab or dropped panel extends into 
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TABLE 5—LENGTH OF BARS AND POINTS OF BEND 


With Drop Without Drop 


General Case Cy = 2251 General Case |Ic = .225] 


TWO-WAY FLAT SLAB 
(COLUMN STRIP) 

Length of straight bars (not less 
than .4 of total band steel) 1 —6 + (2’or40d) | .682 + (2’ or 40d) 751 «751 
Length of bent bars (not less 
than .4 total band steel) 1.51 + .6ct 1.635/¢ 1.441 + .66ct 1.591} 
Length of additional straight 
bars over column head (if re- 
quired) .ol + .6¢ . 6351 .441 + .66c . 591 
Point of top bend in bent bars 
(from column center) 2251 +20 .251 w20l 


MIDDLE STRIP 

Length of straight bars (not 
more than .5 total band steel) . 651 - 651 mail a. 
Length of bent bars (not less 
than .5 total band steel) Losi tf: 1.51¢ 1.5/7 
Point of top bend in bent bars 
(from column centers) ae lds 1751 +15? ~L5t 


FOUR-WAY FLAT SLAB 
COLUMN STRIP 
Length of straight bars (not less 
than .4 total band steel) 1 —b + (2’ or40d) | .651 + (2’ or 40d) 751 751 
Length of bent bars (not less 
than .4 total band steel) 1.51 + .6ct 1.6351¢ 1.441 + .66ct 1.591¢ 
Length of additional straight 
bars over column head (if re- 
quired) -ol + .6¢ . 6351 .441 + .66c 591 
Point of bend for bent bars 
(from column centers) 21 al 21 21 


DIAGONAL BAND 

Length of straight bars (not 
more than .6 total band steel 
area) 1—b6b +(2’ or40d) | .651 + (2’ or 40d) C5 ape 
Length of bent bars (not less 
than .4 total band steel area) 2.21IF 2.21, 2.211¢ 2.21lt 
Point of bend for bent bars 
(from column centers) ‘ .331 .33l -3al -33l 
Length of additional straight 
bars over column head (if re- 
quired) 81 81 81 81 
Top band across middle of 


direct band (length of straight 
Bat) en 51 51 OD 51 


a 
5 
or 
ce 

> 


+Note: To these lengths proper allowance to be added for bends. 


the column in the direction in which moments are considered, the value of (c) may 
be taken as the width of the column plus twice the projection of the beam below the 
slab or dropped panel. 


1011—Onpenings in Flat Slabs 


(a) Openings of any size may be cut through the floor in the area common to two 
intersecting middle strips, provided the total positive and negative resisting moments 
be maintained as required in Section 1004 and that these total positive and total 
negative moments be redistributed between the remaining principal design sections 
to meet the new conditions. 

(b) In any area common to two column strips, not more than one opening shall 
be allowed and the greatest dimension of such an opening shall not exceed .05 ik 

(c) In any area common to one column strip and one middle strip, openings shall 
not interrupt more than one-quarter of the bars in either strip and the equivalent of 
the bars so interrupted shall be provided by extra steel on both sides of the opening. 
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(d) Any opening larger than described above shall be completely framed on all 
sides with beams to carry the loads to the columns. 
1012—Shearing Stresses in Flat Slabs. See Section 807 


CHAPTER 11—REINFORCED CONCRETE COLUMNS AND WALLS 


1101—Limiting Dimensions ° 

(a) The following sections on reinforced concrete and composite columns except 
Section 1107 (a) apply to a short column, for which the unsupported length is not 
greater than ten times the least lateral dimension. When the unsupported length 
exceeds this value, the design shall be modified as shown in Section 1107 (a). Prin- 
cipal columns in buildings shall have a minimum diameter or thickness of 10 inches 
and a minimum gross area of 120 sq. in. Posts that are not continuous from story 
to story shall have a minimum diameter or thickness of 6 inches. 


1102—Unsupported Length of Columns x 


(a) For purposes of determining the limiting dimensions of columns, the un- 
supported length of reinforced concrete columns shall be taken as the clear distance 
between floor slabs, except that 


(1) In flat slab construction, it shall be the clear distance between the floor and the 
lower extremity of the capital. 

(2) In beam and slab construction, it shall be the clear distance between the floor 
and the under side ot the deeper beam framing into the column in each direction 
at the next higher floor level. 

(3) In columns restrained laterally by struts, it shall be the clear distance between 
consecutive struts in each vertical plane; provided that to be an adequate support, 
two such struts shall meet the column at approximately the same level, and the 
angle between vertical planes through the struts shall not vary more than 15 
degrees from a right angle. Such struts shall be of adequate dimensions and an- 
chorage to restrain the column against lateral deflection. 

(4) In columns restrained laterally by struts or beams, with brackets used at the 
junction, it shall be the clear distance between the floor and the lower edge of 
the bracket, provided that the bracket width equals that of the beam or strut 
and is at least half that of the column. 

(b) For rectangular columns, that length shall be considered which produces the 
greatest ratio of length to depth of section. 


11038—Spirally Reinforced Columns 
(a) Permissible Load—The maximum permissible axial load, P, on columns with 


closely spaced spirals enclosing a circular concrete core reinforced with longitudinal 
bars shall be that given by Formula (22). 


PUES A (OL 22 Tee fg ie cree oor ee oe ne (22) 
Wherein A, = the gross area of the column 
j’. = compressive strength of the concrete 
fs = nominal working stress in vertical column reinforcement, to be 


taken at 40 per cent of the minimum specification value of the yield 
point; viz., 16,000 lb. per sq. in. for intermediate grade steel and 
20,000 Ib. per sq. in. for rail or hard grade steel.! 
1Nominal working stresses for reinforcement of higher yield point may be established at 40 per cent 
of the yield point stress, but not more than 30,000 lb. per sq. in., when the properties of such reinforcing 


steels have been definitely specified by standards of A. S. T. M. designation. If this is done, the lengths 
of splice required by Section 1103 (c) shall be increased accordingly. 
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Po = ratio of the effective cross-sectional area of vertical reinforcement 
to the gross area, A,. 


(b) Vertical Reinforcement—The ratio (p,) shall not be less than 0.01 nor more than 
0.08. The minimum number of bars shall be six, and the minimum diameter shall be 
% in. The center to center spacing of bars within the periphery of the column core 
shall not be less than 214 times the diameter for round bars or 3 times the side di- 
mension for square bars. The clear spacing between bars shall not be less than 114 
inches or 114 times the maximum size of the coarse aggregate used. These spacing 
rules also apply to adjacent bars at a lapped splice. 


(c) Splices in Vertical Reinforcement—Where lapped splices in the column verticals 
are used, the minimum amount of lap shall be as follows: 

(1) For deformed bars—with concrete having a strength of 3000 lb. per sq. in. or 
above, 24 diameters of bar of intermediate grade steel and 30 diameters of bar 
of rail steel. For bars of higher yield point, the amount of lap shall be increased in 
proportion to the nominal working stress. When the concrete strengths are less 
than 3000 lb. per sq. in., the amount of lap shall be one-third greater than the 
values given above. 

(2) For plain bars—the minimum amount of lap shall be 25 per cent greater than 
that specified for deformed bars. 

(3) Welded splices or other positive connections may be used instead of lapped splices. 
Welded splices shall preferably be used in cases where the bar diameter exceeds 
114 in. An approved welded splice shall be defined as one in which the bars are 
butted and welded and that will develop in tension at least the yield point stress 
of the reinforcing steel used. 

(4) Where changes in the cross section of a column occur, the longitudinal bars shall 
be offset in a region where lateral support is afforded by a concrete capital, floor 
slab or by metal ties or reinforcing spirals. Where bars are offset, the slope of 
the inclined portion from the axis of the column shall not exceed 1 in 6 and the 
bars above and below the offset shall be parallel to the axis of the column. 


(d) Spiral Reinforcement 

The ratio of spiral reinforcement, (p’), shall not be less than the value given by 
Formula (23), nor shall it be less in any case than 0.0112 for hot rolled spirals of inter- 
mediate grade or 0.0075 for cold drawn wire spirals. 


p’ = 0.45 (e—1yF* SR EPO OS SRN GN Oe Tae TERRE cle cee Rae (23) 


Wherein p’ = ratio of volume of spiral reinforcement to the volume of the concrete 
core (out to out of spirals). rae 
R = ratio of gross area to core area of column, A,/A-. 
f’s = useful limit stress of spiral reinforcement, to be taken as 40,000 lb. per 
sq. in. for hot rolled rods of intermediate grade (A. 8. T. M. Serial Desig- 
nation: A15-35) and 60,000 lb. per sq. in. for cold drawn wire (A. 8S. T. M. 
Serial Designation: A82-34). 
The spiral reinforcement shall consist of evenly spaced continuous spirals held firmly 
in place and true to line by at least three vertical spacer bars. Anchorage of spiral 
reinforcement shall be provided by 114 extra turns of spiral rod or wire at each end 
of the spiral unit. Splices, when necessary, shall be made in spiral rod or wire by 
welding or by a lap of 114 turns. The center to center spacing of the spirals shall not 
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exceed one-sixth of the core diameter. The clear spacing between spirals shall not 
exceed 3 in. nor be less than 13 in. or 114 times the maximum size of coarse aggregate 
used. The reinforcing spiral shall extend from the floor level in any story or from the 
top of the footing in the basement, to the level of the lowest horizontal reinforcement 
in the slab, dropped panel or beam above. In a column with a capital, it shall ex- 
tend to the plane at which the diameter or width of the capital is twice that of the 
column. 


(e) Protection of Reinforcement 

The column reinforcement shall be protected everywhere by a covering of concrete 
cast monolithically with the core, for which the thickness shall not be less than 114 
in. nor less than 114 times the maximum size of the coarse aggregate, nor shall it be 
less than required by the fire protection and weathering provisions of Section 506 (b). 


(f) Limits of Column Section 

For columns built monolithically with concrete walls or piers, the outer boundary 
of the column section shall be taken either as a circle 114 in. outside the column spiral 
or as a Square or rectangle of which the sides are 114 in. outside the spiral. The value 
of A, thus defined shall be used in both Formulas (22) and (23). In any case it shall 
be permissible to design a circular column and to build it as a square column of the 
same least lateral dimension. In such case the permissible load, the gross area con- 
sidered, and the required percentage of reinforcement must be taken as those of the 
circular column. 


11 04—Tied Columns 


(a) Permissible Load—The maximum permissible axial load on columns reinforced 
with longitudinal bars and separate lateral ties shall be 70 per cent of that given by 
Formula (22). The ratio, (p,), to be considered in tied columns shall not be less than 
0.01 nor more than 0.04. The longitudinal reinforcement shall consist of at least 
four bars, of minimum diameter of 5¢ inch. Splices in reinforcing bars shall be made 
as described in Section 1103 (c). 


(b) Lateral Ties—Lateral ties shall be at least 14 in. in diameter and shall be spaced 
apart not over 16 bar diameters, 48 tie diameters or the least dimension of the column. 
When there are more than four vertical bars, additional ties shall be provided se that 
every longitudinal bar is held firmly in its designed position and has lateral support 
equivalent to that provided by a 90-degree corner of a tie. 


(c) Limits of Column Section 
In a tied column which for architectural reasons has a larger cross section than 


required by considerations of loading, a reduced effective area (4,) not less than 
one-half of the total area may be used in applying the provisions of Section 1104 (a), 


1105—Composite Columns 


(a) Permissible Load—The permissible load on a composite column consisting of 
a structural steel or cast-iron column thoroughly encased in concrete reinforced with 
both longitudinal and spiral reinforcement, shall not exceed that given by Formula 
(24). 


iP 0.22) AL fe Sedge fA ol, ee (24) 
Wherein A, = net area of concrete section 
= A, ak As Tar AX 
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A, = cross-sectional area of longitudinal bar reinforcement. 
A, = cross-sectional area of the steel or cast-iron core. 
f, = permissible unit stress in metal core, not to exceed 16,000 lb. per 


sq. in. for a steel core; or 10,000 lb. per sq. in. for a cast-iron core. 
The remaining notation is that of Section 1103. 


(b) Details of Metal Core and Reinforcement—The cross-sectional area of the 
metal core shall not exceed 20 per cent of the gross area of the column. If a hollow 
metal core is used it shall be filled with concrete. The amounts of longitudinal and 
spiral reinforcement and the requirements as to spacing of bars, details of splices 
and thickness of protective shell outside the spiral shall conform to the limiting values 
specified in Sections 1103 (b), (c) and (d). A clearance of at least 3 inches shall be 
maintained between the spiral and the metal core at all points except that when the 
core consists of a structural steel H-column, the minimum clearance may be reduced 
to 2 inches. 


(c) Splices and Connections of Metal Cores—Metal cores in composite columns shall 
be accurately milled at splices and positive provision shall be made for alignment of 
one core above another. At the column base, provision shall be made to transfer the 
load to the footing at safe unit stresses in accordance with Section 305 (a). The base 
of the metal section shall be designed to transfer the load from the entire composite 
column to the footing, or it may be designed to transfer the load from the metal 
section only, provided it is so placed in the pier or pedestal as to leave ample section 
of concrete above the base for the transfer of load from reinforced concrete section 
of the column by means of bond on the vertical reinforcement and by direct com- 
pression on the concrete. Transfer of loads to the metal core shall be provided for 
by the use of bearing members such as billets, brackets or other positive connections; 
these shall be provided at the top of the metal core and at intermediate floor levels 
where required. The column as a whole shall satisfy the requirements of Formula 
(24) at any point; in addition to this, the reinforced concrete portion shall be designed 
to carry, in accordance with Formula (22), all floor loads brought onto the column at 
levels between the metal brackets or connections. In applying Formula (22), the 
value of A, shall be interpreted as the area of the concrete section outside the metal 
core, and the permissible load on the reinforced concrete section shall be further 
limited to 0.35 f’-4«. Ample section of concrete and continuity of reinforcement 
shall be provided at the junction with beams or girders. 


(d) Permissible Load on Metal Core Only 


The metal cores of composite columns shall be designed to carry safely any con- 
struction or other loads to be placed upon them prior to their encasement in concrete. 


‘7106—Combination Columns 


(a) Steel Columns Encased in Concrete 

The permissible load on a structural steel column which is encased in concrete at 
least 214 inches thick over all metal (except rivet heads) reinforced as hereinafter 
specified, shal! be computed by Formula (Op 


A; 
ss Algol ) EIS AEN RO 141i ge a ee (ener ae (25) 
if ee ( yi 100 A, 
Wherein A, = cross-sectional area of steel column. 
f', = permissible stress for unencased steel column. 


A, = total area of concrete section. 
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The concrete used shall develop a compressive strength, (f’.) of at least 2000 lb. per 
sq. in. at 28 days. The concrete shall be reinforced by (the equivalent of) welded 
wire mesh having wires of No. 10 W. & M. gage, the wires encircling the column being 
spaced not more than 4 inches apart and.those parallel to the column axis not more 
than 8 inches apart. This mesh shall extend entirely around the column at a distance 
of one inch inside the outer concrete surface and shall be lap-spliced at least 40 wire 
diameters and wired at the splice. Special brackets shall be used to receive the entire 
floor load at each floor level. The steel column shall be designed to carry safely any 
construction or other loads to be placed upon it prior to its encasement in concrete. 


(b) Pipe Columns 
The permissible load on columns consisting of steel pipe filled with concrete shall 
be determined by Formula (26). 


Ps OUD O NASER 2 ACA EE, S60 A a ee ee ee (26) 
The value of f’, shall be that given by Formula (27). 


i 
Pier (18,000 = 70) Pot Ot. en paca Le ee (27) 


Wherein f’, = average unit stress in metal core 
h = unsupported length of column 
K = least radius of gyration of metal core section 


yield point of pipe 
45,000 
If the yield point of the pipe is not known, the factor F shall be taken as 0.5. 


F= 


1107—Long Columns 


(a) The maximum permissible load P’ on axially loaded reinforced concrete or 
composite columns having a length, (h), greater than 10 times the least lateral 
dimension, (d), shall be given by Formula (28). 


LW) 7 (1.3 — de ao S.8 wat tye) ous Sooke apt wee Reece (28) 


where P is the permissible axial load on a short column as given by Formulas (22) 
and (24). 


» 


The maximum permissible load P’ on eccentrically loaded columns in which - 


exceeds 10 shall also be given by Formula (28), in which P is the permissible eccen- 
trically applied load on a short column as determined by the provisions of Sections 
1109 and 1110, In long columns subjected to definite bending stresses, as determined 


h 
in Section 1108, the ratio : shall not exceed 20. 
t 


1108—Bending Moments in Columns 


(a) The bending moments in the columns of all reinforced concrete structures shall 
be determined on the basis of loading conditions and restraint and shall be provided 
for in the design. When the stiffness and strength of the columns are utilized to re- 
duce moments in beams, girders, or slabs, as in the case of rigid frames, or in other 
forms of continuous construction wherein column moments are unavoidable, the y 
shall be provided for in the design. In building frames, particular attention shall be 
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given to cases of unbalanced floor loads on both exterior and interior columns and 
of eccentric loading due to other causes. Wall columns shall be designed to resist 
moments produced by 

(1) Loads on all floors of the building 

(2) Loads on a single exterior bay at two adjacent floor levels, or 

(3) Loads on a single exterior bay at one floor level 


Resistance to bending moments at any floor level shall be provided by distributing 
the moment between the columns immediately above and below the given floor in 
proportion to their relative stiffness and conditions of restraint. 


1109—Combined Axial and Bending Stress 


(a) In reinforced concrete columns subjected to bending moments, the recognized 
methods of analysis shall be followed in calculating the stresses due to combined axial 
load and bending. The maximum fiber stress in compression and (in the case of large 
eccentricities of loading) the tensile stress in the vertical bars will govern the design. 
The gross area of both spiral and tied columns shall be used in the computations.* 


1110—Permissible Combined Compressive and Tensile Stress 


(a) The maximum permissible compressive fiber stress, f., in eccentrically loaded 
columns shall be given by Formulas (30) and (31). 
For spiral columns 


ec 
0:22) fof." | eae R? 

Fi ee Noe) OS es De RT Se ee Sine (30) 
ec 
1 + (n—1) po Pt .8 is 


For tied columns 


ec 

0.154 fi, + .7 fae {t+ je 
fe= ; Sa ations Paces ee acide htc (31) 

+ (n—1) Ds Marat Ses 


wherein the notation is that of Section 1103 and 1109. 

The permissible tensile stress in the longitudinal reinforcement may equal that 
specified for flexural members, provided however that splices in the tensile steel at or 
near the section of maximum column moment are capable of developing fully the 
yield point strength of the reinforcement. 


2For preliminary designs it will usually give satisfactory results to compute the combined fiber stress 
in compression on the basis of an uncracked section of the column, using Formula (29). 


pe (+5) 


fe Say eae eS ee LE NI pW Bere rN Faas ale LG os aE 8 sah Sus Sen asS allo upie aeee ah raat Ree gate (29) 
Agl+(n —1) po 
Wherein e = eccentricity of resultant load, measured from the gravity axis. 
c = distance from gravity axis to extreme fiber in compression. 
R = radius of gyration of equivalent concrete section. 
n = 30,000 


f'c 
This will result in a fairly accurate design if the eccentricity is less than 14 the over-all column depth 
and the value of pgn is 0.3 or more. 
8e 
The term Samay be replaced by the value? for rectangular columns and A for round columns 
without appreciable error (f = over-all depth of section). This design may then be analyzed by more 
accurate methods to insure that permissible stresses are not exceeded. 


442 JOURNAL OF THE AMERICAN CoNncrETE INsriruTE—Proceedings 


1111—Wind Stresses 
(a) When the allowable unit stress in columns is modified to provide for combined 


axial load and bending, and the stress due to wind loads is also added, the total shall 
still come within the allowable values specified for wind loads in Section 603 (c). 


1112—Monolithic Walls 


(a) The working stresses in reinforced concrete bearing walls with minimum rein- 
forcement as required by Section 1112 (i), shall be 0.2f’. for walls having a relation 
of height to thickness of 10 or less, and shall be reduced on the basis of formula (28), 
to 0.11 f’. for walls having a relation of height to thickness of 25. When the reinforce- 
ment in bearing walls is designed, placed and anchored in position as for tied columns, 
the working stresses shall be on the basis of formulas (28) and (31), as for columns. 
In the case of concentrated loads, the length of the wall to be considered as effective 
for each shall not exceed the center to center distance between loads, nor shall it 
exceed the width of the bearing plus four times the wall thickness. The ratio p, shall 
not exceed 0.04. 

(b) Walls shall be designed for any lateral or other pressure to which they are 
subjected. Proper provision shall be made for eccentric loads and wind stresses. In 
such designs the allowable stresses shall be as given in Section 305 (a) and 603 (c). 

(c) Panel and enclosure walls of reinforced concrete shall have a thickness of not 
less than five inches and not less than one thirtieth the distance between the support- 
ing or enclosing members. 

(d) Bearing walls of reinforced concrete in buildings of fire-resistive construction 
shall be not less than six inches in thickness for the uppermost fifteen feet of their 
height; and for each successive twenty-five feet downward, or fraction thereof, the 
minimum thickness shall be increased one inch. 

(e) In buildings of non-fire resistive construction bearing walls of reinforced con- 
crete shall not be less than one and one-third times the thickness required for buildings 
of fire-resistive construction, except that for dwellings of two stories or less in height 
the thickness of walls may be the same as specified for buildings of fire-resistive 
construction. 

({) Exterior basement walls, foundation walls, fire walls and party walls shall not 
be less than eight inches thick. 

(g) Reinforced concrete bearing walls shall have a thickness of at least one twenty- 
fifth (1/25) of the unsupported height or width, whichever is the shorter; provided 
however, that approved buttresses, built-in columns, or piers designed to carry all 
the vertical loads, may be used in lieu of increased thickness. 

(h) Monolithic walls shall be anchored to the floors, columns, pilasters, buttresses 
and intersecting walls with reinforcement at least equivalent to 3¢ inch round bars 
eighteen (18) inches on centers, for each layer of wall reinforcement. 

(7) Monolithic walls shall be reinforced with an area of steel in each direction, both 
vertical and horizontal, at least equal to 0.0025 times the cross-sectional area of the 
wall, if of bars, and 0.0018 times the area if of electrically welded wire fabric.3 The 
wire of the welded fabric shall be of not less than No. 10 W. & M. gauge. Walls 
more than eight inches in thickness shall have the reinforcement for each direction 
placed in two layers parallel with the faces of the wall. One layer consisting of not 
less than one-half and not more than two-thirds the total required shall be placed 
not less than two inches nor more than one-third the thickness of the wall from the 
exterior surface. The other layer, comprising the balance of the required reinforce- 
ment, shall be placed not less than 34 inches and not more than one-third the thick- 
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ness of the wall from the interior surface. Bars, if used, shall not be less than the 
equivalent of three-eighthsinch round bars, nor shall they be spaced more than 
eighteen inches on centers. Welded wire reinforcement for walls ‘shall be in flat 
sheet form. 


CHAPTER 12—FOOTINGS 


1201—Loads 


(a) Footings resting directly on soil or on piles shall be proportioned as to area or 
number of piles on the basis of the total column load plus the weight of the footing 
itself. For computations of moments and shears, an upward reaction per unit area or 
per pile shall be based on the total column load (not including the weight of the foot- 
ing itself) divided by the area or by the number of piles. 


1202—Sloped or Stepped Footings 


(a) Footings in which the thickness has been determined by the requirements for 
shear as specified in Sec. 808, may be sloped or stepped, provided that the shear on 
no section outside the critical section exceeds the value specified, and provided 
further that the thickness of the footing above the reinforcement at the edge shall 
not be less than 6 in. for footings on soil, nor less than 12 in. for footings on piles. 
Sloped or stepped footings shall be cast as a unit. 


1208—Bending Moment in Footings 


(a) The critical section for bending moment in a concrete footing which supports 
a concrete column, pedestal or wall, shall be considered to be at the face of the column, 
pedestal or wall. For footings under masonry walls, the critical section shall be 
assumed as halfway between the middle and the edge of the wall. For footings under 
metallic bases, the critical section shall be assumed as halfway between the face of 
the column or pedestal and the edge of the metallic base. 

(b) The bending moment at the critical section in a square footing, or in a rec- 
tangular footing having its side not greater than one and one-half times its width, 
shall be computed from the load on trapezoids bounded by the line of the critical 
section for moment, the corresponding outside edge of the footing, and the portions 
of the two diagonals. The load on the two corner triangles of the trapezoid shall be 
considered as applied at a distance equal to six-tenths of the projection of the footing 
from the line of critical section for moment. The load on the rectangular portion of 
the trapezoid shall be considered as applied at its center of gravity. 

(c) For a round or octagonal concrete column or pedestal, the face of the column 
shall be taken as the side of a square of an area equal to the area enclosed within the 
perimeter of the column or pedestal. 


1204—Shearing and Bond Stresses 


(a) The critical section for diagonal tension in footings on soil shall be assumed as 
a vertical section at a distance (d) from the face of the column or pedestal supported 


by the footing. 
d 
In footings on piles the critical section shall be assumed at a distance 2 from the 
face of the column or pedestal, and any piles whose centers are at or within the section 


shall be excluded in computing shear. 


3Expanded metal has been omitted until a specification can be formulated. 
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(b) For shearing stresses see Sec. 808. 

(c) The critical sections for bond shall be assumed at the face of the column or 
pedestal; at vertical planes where changes occur, and near the end of the bending 
moment reinforcement. 


(d) For bond stresses see Sec. 901 to 905. 


1205—Transfer of Stress at Base of Column 


(a) The compressive stress in longitudinal reinforcement at the base of a column 
shall be transferred to the pedestal or footing by dowels. There shall be at least one 
dowel for each column bar, and the total sectional area of the dowels shall not be less 
than the sectional area of the Jongitudinal reinforcement in the columns. The dowels 
shall extend up into the column and down into the pedestal or footing the distance 
required for lap of longitudinal column bars (see Sec. 1103). 


(b) The permissible compressive unit stress on top of the pedestal or footing di- 
rectly under the column shall not be greater than that determined by formula (32). 


ra = 0.25 f', yi Ree ante Ee se Be Sin era trek ste te ae (32) 


(c) In sloped or stepped footings, A may be taken as the area of the top horizontal 
surface of the footing, or as the area of the lower base of the largest frustum of a 
pyramid or cone contained wholly within the footing and having for its upper base the 
loaded area A’, and having side slopes of one vertical to two horizontal. 


1206—Pedestals and Footings (Plain Concrete) 


(a) The allowable compressive unit stress on the gross area of a concentrically 
loaded pedestal shall not exceed 0.25f’.. Where this stress is exceeded, reinforcement 
shall be provided and the member designed as a reinforced concrete column. 


(6) The depth and width of a pedestal or footing of plain concrete shall be such 
that the tension in the concrete shall not exceed .03/’., and the average shearing stress 
shall not exceed .02/’. taken on critical sections as determined for reinforced concrete 
footings. 


RECOMMENDATIONS FOR PLACING CONCRETE BY 


VIBRATION* 


Report of Committee 609, Vibration of Concrete 
A. E, LINDAU, CHAIRMAN; H. L. FLODIN, SECRETARY 


INTRODUCTION 


Tue adoption of high frequency vibrators for placing concrete has 
been more rapid than the progress in acquiring basic information on 
such factors as frequency, amplitude, size of vibrator, type of vibrator, 
period and method of application and others. In preparing a recom- 
mended practice for vibration, therefore, many of the requirements 
must be based on the well established principles of concrete making. 
It should be realized that the application of vibration to concrete is 
somewhat of an art which can not be prescribed in a set of rules; that 
all of the recommendations given herewith are not applicable to every 
job and that they are subject to change as knowledge of the subject 
increases and with developments in the equipment. 


TYPE OF VIBRATOR 


It appears obvious that vibrators applied directly to the concrete 
are more efficient than those attached to forms, as in the latter type 
much of the energy is absorbed by the forms. Also, vibrators that are 
inserted into the mass of concrete are more effective than those applied 
to the top surface. Surface vibration of slabs should be used only 
where internal vibration is impracticable. Such vibration may bring 
an excess of mortar to the top causing subsequent scaling. 

Internal vibrators, therefore, should be used in all sections which are 
sufficiently large for insertion and manipulation of this type. This 
includes practically all mass work such as dams and retaining walls 
and most reinforced sections such as occur in bridges and buildings. 
Internal vibrators may be supplemented by platform or screed type 


*Presented at the 32nd Annual Convention, American Concrete Institute, Chicago, Feb. 25-27, 1936. 


This report, written by the Secretary of the Committee in consultation with the Chairman, was sub- 
mitted to the members of the committee as appointed late in 1934: I. E. Burks, Miles N. Clair, R. E. 
Davis, R. B. Gage, C. M. Hathaway, M.1.McCarty, F. H. Jackson, W. R. Johnson, Ben Moreell, A. W. 
Munsell, D. EB. Parsons, O. G. Patch, T. C. Powers, P. C. Peterson, C. W. Pierce, F. V. Reagel, T. E. 
Stanton, Lewis H. Tuthill, M. O. Withey. The report has been revised in conformity with their sug- 
gestions. Discussion and criticism are now generally invited, based on field or laboratory data with a 


view to a revised report as soon as revised opinion justifies it. 
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vibrators in the event that satisfactory surfaces can not be obtained 
with the internal type alone. 

Form vibrators should be used where it is impossible to use either 
the internal or surface type. Form vibrators, therefore, should be 
used for heavily reinforced thin walls, pipe and other precast products. 
They should be attached to or held on the forms in such manner as to 
effectively transmit the vibration to the concrete and so that the 
principal path of motion of the vibration is in a horizontal plane. In 
some products manufacture they may be attached to a table on which 
the form or gang of molds may be set. 

There are not now sufficient data to warrant the recommendation 
of any specific type of vibrator for pavement work. Various types of 
equipment are available. On some finishing machines, vibrators are 
mounted on the screeds which are heavier and wider than usual. On 
some equipment the vibrating member is suspended between the 
screeds and does not rest upon the forms. 

Some excellent results have been secured in tests and trial runs with 
pavement vibrators. While state highway departments have not 
adopted vibration for pavements, this is possibly because further im- 
provements in apparatus and methods of application are expected. 
Indications are that equipment now available can be utilized to ad- 
vantage in improving durability and strength of pavements or in 
producing pavements comparable with those produced by the usual 
methods of finishing but at lower cost. 

NUMBER AND CAPACITY OF VIBRATORS 


Vibrators should be sturdily built and should be of such capacity 
and used in such number as to insure vibration throughout the entire 
volume of concrete at the desired rate of placing. For open form work 
where concrete of harsh consistency and large aggregate is delivered 
from large buckets, large diameter vibrators and in some cases heavy 
2-man vibrators may be used to advantage, supplemented by smaller 
vibrators along the forms. In any case, a sufficient number of vibra- 
tors of ample capacity should be provided so that the placing operation 
can keep up with the output of the mixers. Reserve vibrators should 
be at hand for use when others are being serviced. No job of any 
appreciable size should be attempted with a single vibrator. 

While the work that has been done to determine the inter-relation 
of amplitude and frequency of vibration and characteristics of the 
mix has not been comprehensive, sufficient work has been done to in- 
dicate the effects of variations in these factors. Withey* shows that 


*“The Effects of Frequency of Vibration in Making Concrete Beams,” by M. O. Withey 
at Fifteenth Annual Meeting of the Highway Research Board, Washington, D. C., Dec: 5 Ree 
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the effectiveness of internal vibrators improves by increasing the 
frequency or the amplitude. In tests made on beams using internal 
vibrators operated at frequencies from 3600 to 7000 impulses per 
minute, the time required for effective vibration was greatly reduced 
by increasing the frequency. Under the conditions of these tests it 
was estimated that concrete of %-in. slump required 90 seconds vibra- 
tion at 4000, 45 seconds at 5000, and 25 seconds at 6000; concrete of 
no slump required 200 seconds at 4000, 80 seconds at 5000, 50 seconds 
at 6000, and 40 seconds at 7000 impulses per minute. It appears that 
for most work, high frequencies, 5000 impulses per minute or more, are 
desirable. Frequencies referred to are the frequencies when the vi- 
brator is submerged in the concrete. The frequency of under-powered 
equipment as measured when the vibrator is operating free of load 
may be greatly reduced when the vibrating element is submerged in 
concrete. 


In general, form vibrators are most effective at a high frequency and 
small amplitude. Too great an amplitude on form vibrators may have 
a tendency to cause so much movement of forms as to pump air into 
the concrete. 

The higher the frequency or the greater the amplitude, the more 
rugged must be the equipment. The development since vibrating 
equipment was first introduced has been toward higher frequencies 
and sturdier machines. Vibrators should not be operated at higher 
frequencies than those for which they are designed as the wear is ex- 
cessive. 

Too much emphasis can not be placed on the necessity for sturdy 
equipment if full advantage of vibration is to be secured, particularly 
where large aggregates are used as in dams and similar heavy work. 


PLANT LAYOUT AND EQUIPMENT 

On many jobs, the character of the mix and rate of placing have been 
determined by the equipment and layout of the plant rather than by 
the methods or conditions of placing. The full advantages of vibration 
can not be realized under these conditions. Consistency and harshness 
of mix should be limited by the vibrating equipment used and the 
placing conditions rather than by the mixing and transporting equip- 
ment and plant layout. 

In the case of pavement concrete, tests and trial runs indicate that 
the equipment now available is capable of compacting any concrete 
successfully which can be handled efficiently by the other construction 
units. Maximum benefits can not be expected until the mixing and 
distributing equipment now in use have been redesigned so as to 
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handle efficiently the dry harsh mixes most suitable for vibration in 
pavements. 

Vibrators should not be expected to eliminate or correct segregation. 
Vertical drop is the solution to this problem, first as applied to con- 
crete dropping into place in the forms, then back through all handling 
operations to the mixer. Concrete should be confined at all points of 
change in direction of flow. In all cases flow of concrete into forms, 
hoppers or buggies should be directed into the fresh concrete and not 
against the sides. Sloping discharge and twin discharge hoppers 
should be replaced with hoppers having only one discharge and that 
arranged in the bottom so that the concrete will drop vertically into 
buggies, cars or belts receiving it. Equipment filling such hoppers 
should be arranged so that concrete will fall into them vertically with- 
out separating. For handling expediently the relatively drier con- 
cretes which become practical with vibration, extra large hopper gates 
and throats to chutes and articulated down pipes are necessary. Twice 
the usual area is a safe precaution. 


FORMS 

Forms should be rigid enough to withstand the pressure caused by 
the head of concrete made plastic by the vibrating action. In sections 
where concrete may be placed rapidly as in columns and thin walls, 
the concrete throughout the full height of the section may be made 
plastic and the pressure would be equivalent to that of a fiuid having 
the weight of concrete. Thus in reinforced concrete work such as 
bridges and buildings, the pressure is noticeably increased and for this 
work an increase of approximately twenty-five per cent in the number 
of studs and walers over those used for hand-placing should be made. 
Some contractors have used such rigid forms for hand-placed concrete 
that they do not find it necessary to make this increase. The thickness 
of sheathing need not be changed if studs and walers are ample. In 
heavy mass work little or no change is required in forms. 

When forms are vibrated they should be rigid enough to prevent 
pumping of air into the concrete. 

Forms should be watertight. There is a greater tendency for loss of 
mortar through leaky forms when vibration is used than with hand 
methods. Such leaks cause unsightly sand streaks and in some cases 
leave the coarse aggregate exposed. 

When internal vibrators are used, care should be taken to prevent 
scarring or roughening of forms by operating vibrators against them. 
ADJUSTMENT OF MIX 

A series of systematic trial batches should be placed from which a 
mix should be selected having cement and water contents which will 
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meet the specifications and which becomes plastic and compacted 
under the conditions of placement. From the standpoint of economy, 
the mix should be such that the vibrators can be operated near their 
full capacity when concrete is placed at the desired rate. 

The following method of selecting the most suitable mix from trial 
batches has been suggested. A mix is chosen which is estimated from 
previous experience or preliminary tests to require a water-cement 
ratio slightly below that specified and which has greater plasticity 
than required by the placing conditions. Placing is then started, using 
the minimum amount of water which will permit placing at the re- 
quired rate. From the weights of materials used in the batch including 
the amount of water added and that introduced as moisture in the 
aggregates, the total quantity of water per cubic yard of concrete is 
computed. In successive batches small reductions in the amount of 
sand with compensating increases in the amount of coarse aggregate 
are made, adjusting the consistency of each mix by varying the amount 
of water until determination is made of the minimum amount of water 
which will permit the vibrators to keep up with production. This 
procedure is continued until no further reductions in water content 
are made possible by reductions in sand. This mix will appear harsh 
and additional water will be required to permit placing at the required 
rate. The need for additional water is evidence that less than the 
proper quantity of sand is being used. The next step, therefore, is to 
hold the amount of water constant and increase the amount of sand 
up the the maximum which can be used with this minimum amount of 
water. 

It will probably be found that the water-cement ratio of this mix is 
not the same as that specified. Compensation for this may be made 
by the rule of constant water content stated by Slater and Lyse.* In 
a given series of mixes of the same consistency and aggregate combina- 
tion, the total amount of water per cubic yard of concrete remains 
substantially constant regardless of the variation in cement content. 

In the series of trial batches, the minimum amount of water per cubic 
yard of concrete has been determined. Dividing this by the specified 
water-cement ratio gives the cement content which can be used. If 
the actual cement content in the final mix is other than this, the trial 
water-cement ratio is wrong and the cement content must be changed 
to give the correct value. For example, if it is found that 30 gal. of 
water per cubic yard of concrete can be used and the specified water- 
cement ratio is 6 gal. per sack, the cement content should be 5 sacks 
per cubic yard. If the actual cement content in the final mix of the 


*JouRNAL, Am. Concrete Inst., June, 1930, Vol. 26, p. 831. 
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trial batches is 514 sacks, it is necessary to reduce the cement by % 
sack. Compensation for this reduction in cement is made by adding 
the equivalent absolute volume of sand. 

Similar trials may be made with other materials to determine the 
best gradation of aggregates or combination of the available materials. 


On pavement construction the selection of the most suitable mix is 
relatively simple. Starting with the mix used for ordinary finishing, 
sand and gravel may be added to this base mix, keeping the water- 
cement ratio constant, until the slump has been reduced to one inch 
and the percentage of sand in terms of total aggregates has been re- 
duced approximately 5 per cent. For example, if 35 per cent of sand 
is used in the base mix, it may ordinarily be reduced to about 30 per 
cent. If it is desired to maintain the same cement content as in the 
base mix, the quantity of water should be reduced and the ratio of 
sand to total aggregate changed as above until the slump has been re- 
duced to 1 inch, keeping the total weight of aggregate per sack of 
cement constant. ' 


PROCEDURE IN VIBRATING 

The procedure to follow in vibrating should vary with the conditions 
of placing, type of vibrators used and character of mix. In so far as 
possible, concrete should not be transported in the forms by causing 
it to flow laterally an appreciable distance from one point to another. 
It should be put where it is to stay with the next batch beside it and 
so on along the work until a shallow lift is completed. The vibration 
should not be dissipated in lateral motion but should be concentrated 
in vertical settlement and consolidation of the concrete. 


Internal vibrators should be applied at distances not greater than 
the radius through which the vibration is visibly effective. As a rule 
the effects of vibrators can be seen for a distance of 3 ft. or more from 
the machine, but they should be applied at closer intervals than this. 
Generally the intervals between points of insertion should not be less 
than about two feet. In any case the vibrators should be inserted at 
sufficiently short intervals that the vibrated areas overlap without 
omission of any area. The vibrators should be inserted and withdrawn 
slowly and should be operated continuously while being withdrawn. 
Vibrators should be inserted to a sufficient depth to vibrate the bottom 
of each layer effectively but should not be allowed to penetrate partially 
hardened concrete which will not become plastic under the vibratory 
action. Vibrators should not be applied directly to steel which ex- 
tends into partially hardened concrete. They should be applied close 
enough to the forms to vibrate the surface concrete effectively. 
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Vibrating equipment for compacting concrete in slabs should com- 
pact the slab to its full depth and the concrete should be spread uni- 
formly in front of it. 

Vibration should be such that the concrete becomes uniformly 
plastic and there should be at least 15 seconds of vibration per square 
foot of top surface of each layer, computed on the basis of the visibly 
affected radius and taking overlapping into consideration. 

Vibration should not be continued in any one spot to the extent that 
pools of grout are formed. No more than the slight excess of mortar 
necessary to indicate that the voids are completely filled should be 
brought to the surface. Concrete of wet consistency should be vibrated 
sparingly to avoid separation of the materials. It is considered bad 
practice to vibrate concrete having slump more than 5 inches and it 
appears entirely practicable to use an upper limit of 4 inches for 
ordinary building construction. 

When concrete is deposited from buckets, vibration should be 
started at the point of deposit by internal vibrators held in an inclined 
position and inserted and withdrawn at the proper intervals until the 
batch is level. Any separation of coarse aggregate from the mortar 
should be corrected by shovelling the aggregate into the mortar and 
vibrating it back into the mass. 

With harsh-working, non-plastic mixtures, air bubbles along form 
surfaces should be reduced to a minimum by vigorous, systemized 
vibration as close to the forms as possible without damaging them. 
This should provide a flow of mortar along the forms. If there is a 
tendency for the formation of water pockets it may be necessary to 
keep the vibrator farther away from the forms. With plastic mixtures, 
light vibration may be supplemented by spading along forms to reduce 
air bubbles to the minimum. 

Honeycombed areas are an indication of insufficient mortar, in- 
sufficient vibration or poor distribution of vibration. They should be 
avoided by providing enough mortar for the conditions of placing and 
vibrating. 

Vibration may cause “bleeding” or separation of free water from the 
mix at a more rapid rate than would occur in the same mix placed by 
hand. Indications are that bleeding is due mainly to the physical 
properties of the mix and the characteristics of the materials. It 
should be prevented by reducing the amount of water or by increasing 
the percentage of fine particles passing the 50 and 100-mesh sieves. 
While less mortar usually can be used in vibrated concrete than is re- 
quired in hand-placed concrete, the requirement for sufficient fine 
particles in the mix to hold the water must still be met. 
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In vibrating and finishing top surfaces which are exposed to weather- 
ing or wear, considerable care should be taken to avoid drawing water 
or laitance to the surface. In relatively high lifts, the top layer should 
be rather shallow and placed as stiff as possible with sufficient vibration 
to compact and finish the concrete. 

P GENERAL DISCUSSION 
Effects of Vibration 

The most important effect of vibrating fresh concrete is to make the 
mixture more plastic. Density may be slightly increased due to re- 
duction in the amount of entrapped air. Internal vibration improves 
the bond between successive layers of concrete. 

The water-cement ratio-strength relation for hand-placed concrete 
holds also for vibrated concrete. The vibration.simply extends this 
relationship into the area of stiff mixes which are impracticable to 
place by hand. There is, therefore, a choice of either improving the 
quality of concrete (strength, watertightness, durability, ete.) without 
increasing the cement factor or securing the same quality as hand- 
placed concrete with a more economical mixture. The first of these is 
brought about by reducing the water-cement ratio; the second is 
brought about by increasing the amount of aggregate used with a 
given water-cement ratio. 

Reduction in Slump 

How stiff a mix can be placed will depend on many factors such as 
the effectiveness of the vibrators, character of mix and placing con- 
dition. Comess @) reports the use of 34-in. slump with 2-in. aggregate 
in large, open form work. 

In reinforced concrete structures a greater range of consistencies 
has been used. Hathaway” states that in bridge construction, where 
4- to 6-in. slump is required without vibrators, 244- to 314-in. slump 
can be used with small vibrators, and 1- to 2-in. slump with large 
vibrators. Brett ©” reports using 2-in. slump in bridges, Stanton@ 
reports a range of 1- to 4-in. slump for the various sections of the San 
Francisco-Oakland Bay Bridge. Tuthill©? states that where 8-in. 
slump had been used it was reduced to 5-in. with vibration and for 
slab and beam floors the slump was reduced from 6-in. to 3-in. Benkel- 
man ©) reports vibrating 114-in. slump concrete in precast reinforced 
concrete piers. Shenk “*) reports 2-in. slump concrete for thin precast 
roof slabs. Jackson @* reports that in pavement work a slump of from 
34-in. to l-in. seems to be about the driest consistency which can be 
handled by the various construction units now in use without having 
segregation on the subgrade. 


(*) This and subsequent references are to appended bibliography. 
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Reduction in Sand Factor 


While the proportion of sand can be reduced with vibration, it is 
necessary to exercise precaution against undersanding as it is attended 
by more difficulties in handling and in getting proper results than is 
warranted by the small economies or increases in strength or density 
which are made by so doing. Tuthill @? says that the fine material 
smaller than 3¢-in. should compose not less than 33 to 40 per cent of 
the mixed aggregate, dependirg on the shape of the particles, the 
maximum size of aggregate and cement content. Powers ® found that 
the sand factor could be reduced from 39 to 31 per cent in mixes used 
in dams. Johnson “ says that the sand factor in a mix requiring 35 
to 37 per cent for hand placing could be reduced to 31 to 33 per cent 
when the concrete was vibrated. 

Jackson °) states that the bulk of experience in vibrating pavements 
indicates that the percentage of sand in terms of the weight of total 
aggregate may be about 5 per cent less when vibration is used, that is, 
mixtures which for ordinary placing would be designed for 35 per cent 
sand should, with similar materials, be proportioned on the basis of 
about 30 per cent sand. 

The lower limit in sand factor has been exceeded when coarse 
material, which will not be absorbed by the mixture under vibratory 
action, lies loosely on top of the mass. For best results under average 
conditions the sand factor should be somewhat above the low limit. 
Test for Effectiveness of Vibrator 

It has been suggested that for ordinary service in structural or mass 
concrete, vibrators must be sufficiently powerful to affect the concrete 
visibly over a radius of at least 18 in. assuming a properly designed mix 
with less than l-in. slump. 

Comparisons between different vibrators are best made by actually 
using them simultaneously. By careful observation when they are 
operating under similar conditions the most effective can be selected. 
Judging When Vibration is Sufficient 

The ability to judge when concrete has had sufficient vibration can 
be developed only by experience. One of the evidences of sufficient 
vibration is a visible line of cement paste at the junction of the con- 
crete and the forms or between the concrete and the surface of the steel 
reinforeement. Another evidence is a level top surface with just 
enough mortar for finishing. 

Capacity of Vibrators 

The volume of concrete that can be handled per vibrator varies 

widely on account of the great number of variables on different jobs. 
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On the San Francisco-Oakland Bay Bridge, 2-man vibrators of high 
frequency handled from 25 to 40 cu. yd. of mass concrete. Johnson“? 
states that in general the quantity will vary from 12 to 36 cu. yd. per 
hour. Hathaway “? reports that on such construction as bridges, the 
smaller vibrators can handle from 5 to 6 cu. yd. per hour, whereas the 
sturdier, well-powered vibrators have handled from 15 to 20 cu. yd. 
per hour. Tuthill ©) suggests that properly powered and operated 
internal vibrators will take care of 10 to 20 cu. yd. of concrete per 
hour depending upon its accessibility and how well it is placed. 

In general, a larger volume of concrete having aggregate of gravel 
and fine sand can be handled, within a limited time, than a harsher 
mix containing crushed rock and coarse sand. 


. 


SELECTED BIBLIOGRAPHY ON VIBRATION OF CONCRETE 
(1) Concreting Methods at Chute 4 Caron Dam, by I. E. Burks. JournaL, Am. 
Concrete Inst., February, 1930, Proceedings, Vol. 26, p. 315. Platform 
vibrators permitted a stiffer mix than could be placed in same time by hand. 


(2) The Effect of Vibration on the Pressure of Concrete Against Formwork, by 
L. W. Teller. Public Roads, March, 1931, p. 11. Tests of 12-ft. columns 
indicated pressure equivalent to fluid pressure of full column of concrete 
made plastic by vibration. With hand placing, pressure increased hydro- 
statically up to certain value, after which it decreased. 


(3) Concreting the Calderwood Tunnel, by W. R. Johnson. Journat, Am. 
Concrete Inst., June, 1931, Proceedings, Vol. 27, p. 1189. Electric tampers 
clamped to forms were run intermittently during placing operations and 
were, no doubt, responsible to some extent for smooth surface obtained. 


(4) Compaction of Concrete Through the Use of Vibratory Tampers, by R. E. 
Davis and H. E. Davis. JourNnat, Am. Conerete Inst., June, 19383, Proceed- 
ings, Vol. 29, p. 365. Pressure of concrete in agitation is substantially same 
as that produced by a liquid having same density as concrete. After cessation 
of vibration, pressure drops off rapidly and in few minutes is same as hand 
tamped concrete. Compaction is secured more rapidly with vibration or in 
a given time, concrete of drier consistency can be placed. Under one condi- 
tion investigated, time of placing by vibration was 1/3 time required for 
hand-placing or concrete of 1-in. slump could be placed by vibration in same 
time as 61%-in. slump concrete by hand. Internal vibrators, properly man- 
ipulated, eliminate segregation and improve bond between successive layers. 


(5) Vibrated Concrete, by T. C. Powers. JourNAL, Am. Concrete Inst., June, 1933, 
Proceedings, Vol. 29, p. 378. Benefits derived from vibration result from 
ability to handle concrete of lower water content. Field studies of mass 
concrete indicated it was possible to reduce water one gallon per sack of 
cement on project investigated. Tests show that quality of cement paste is 
chief factor determining strength for both vibrated and hand placed con- 
crete. Freezing and thawing tests indicate no impairment in resistance to 
weathering, due to vibration. Full benefit of vibration is obtained by use 
of dry mixes having minimum of sand. Gives example of increasing strength 
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of 5-sack concrete 1350 p. s. i. by using drier mix and an additional 900 
p. s. i. by reducing sand to practical minimum. 


The Use of Vibration in the Manufacture of Concrete Products, by Miles N. 
Clair. Journat, Am. Concrete Inst., June, 1933, Proceedings, Vol. 29, p. 
383. Discusses relation of frequency, amplitude and period of vibration to 
character of mix and gives practical values for various types of precast 
products. 


Vibratory Finishing Machine for Concrete Pavements, by F. V. Reagel. 
JourNnaL, Am. Concrete Inst., June, 1933, Proceedings, Vol. 29, p. 391. Tests 
by Missouri Highway Department indicate possibility of reducing unit cost 
of concrete in pavements without sacrifice in quality. Vibrated mixtures 
gave 12 per cent higher strength than unvibrated mixtures of same cement 
content. This increase was due to reduction in water content. 

High Frequency Vibratory Machines for Concrete Placement, by M. I. 
McCarthy. Journat, Am. Concrete Inst., Sept.-Oct., 1933, Proceedings, 
Vol. 30, p. 49. Discusses types of vibrators and work for which each is 
adapted. 

Placement of Concrete by Mechanical Vibration, by A. W. Munsell. Journat, 
Am. Concrete Inst., Sept.-Oct., 1933, Proceedings, Vol. 30, p. 54. Field ob- 
servations of frequency, amplitude and period of vibration in relation to 
placing conditions. 

Vibration on Michigan Bridge Work, by A. C. Benkelman. JournaL, Am. 
Concrete Inst., Sept.-Oct., 1933, Proceedings, Vol. 30, p. 57. Experiences 
with three types of vibrators indicate satisfactory results. 

Vibrating Equipment in a Cast Stone Plant, by G. B. Pickop. JourNaL, Am. 
Concrete Inst., Sept.-Oct., 1983, Proceedings, Vol. 30, p. 59. Due to adoption 
of vibration, strengths average about 100 per cent higher than formerly, 
absorption has been reduced from 7 to 3 per cent, products can be polished 
in 3 days instead of 7 to 14 days and a wider range of textures is possible. 

Fabricating 36-in. Reinforced Concrete-Steel Cylinder Water Mains, by J. F. 
Brett. Journat, Am. Concrete Inst., Sept.-Oct., 1933, Proceedings, Vol. 30, 
p. 61. Vibrators were attached to forms for casting 60,000 ft. of concrete 
water pipe. Each pipe was 161% ft. long and weighed 5 tons. 

Vibration in Making Roof Deck Slabs, by A. B. Shenk. Journan, Am. Con- 
crete Inst., Sept.-Oct., 1933, Proceedings, Vol. 30, p. 63. Greater amplitude 
causes concrete to flow more rapidly. Higher speeds seem to produce slower 
movement of concrete into place but with corresponding increase in density 
of finished product. 

Effect of Vibration and Delayed Finishing on the Quality of Pavement Slabs, 
by F. H. Jackson and W. F. Kellerman. Public Roads, Oct., 1933, p. 129. 
Slump could be reduced from the required 2}4-in. for hand finishing to 1-in. 
when finished by vibration. Average flexural strength was greater in vi- 
brated sections of 1-in. slump concrete than in standard-finished concrete 
and also greater where coarse aggregate was increased by one-fourth part. 
Vibration did not adversely affect hardness of surface. 

Vibrating Concrete at Pine Canyon Dam, by S. B. Morris. JOURNAL, Am. 
Concrete Inst., March-April, 1934, Proceedings, Vol. 30, p. 305. Use of 
vibrators gave higher strengths due to stiffer mixtures used. On upstream 
face of dam not a single honeycomb or “bug-hole” was found and not over 
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half a dozen such places on the flat downstream face. Stepping up speed 
from 2900 r. p. m. to 4700 r. p. m. improved results. 


(16) Bonding of New Concrete to Old at Horizontal Construction Joints, by R. E. 
Davis and H. E. Davis. Journat, Am. Concrete Inst., May-June, 1934, 
Proceedings, Vol. 30, p. 422. Vibration improves bond between layers of 
concrete. 


(17) Practical Application of Vibration, by C. M. Hathaway. Journa, Am. Con- 
erete Inst., March-April, 1935, Proceedings, Vol. 31, p. 420. Illinois Highway 
Department requires vibration in construction of bridges. Slumps of con- 
crete to be vibrated range from 214% to 314 in. with small vibrators and from 
1 to 2 in. with large vibrators, slump of concrete not vibrated is 4 to 6 in. for 
this type of work. Air bubbles have been largely eliminated by oiling forms 
and by supplementary hand spading. 


(18) Vibrated Concrete in Pavement Slabs, by F. V. Reagel. Journat, Am. Con- 
crete Inst., March-April, 1935, Proceedings, Vol. 31, p. 424. Difficulties with 
equipment tested are discussed. Greater control is necessary to avoid sudden 
and extreme variations in aggregate moisture content. Multiple sized 
aggregate is recommended. 


(19) Vibration of Concrete, by W. R. Johnson. Journat, Am. Concrete Inst., 
March-April, 1935, Proceedings, Vol. 31, p. 429. Recommendations for 
vibrating concrete are made based on field and laboratory experience. 


(20) Freezing and Thawing, Permeability and Strength Tests on Vibrated Concrete 
Cylinders of Low Cement Content, by M. O. Withey. Journat, Am. Con- 
crete Inst., May-June, 1935, Proceedings, Vol. 31, p. 528. Tests indicate 
that extremely lean mixtures give good resistance against freezing and thaw- 
ing, high strengths and watertightness when concrete is compacted by vibra- 
tion. Better consolidation can be secured in shorter periods by using higher 
frequencies. 


(21) , Vibration of Concrete on San Francisco-Oakland Bay Bridge, by T. E. Stanton, 
Jr. Journat, Am. Concrete Inst., May-June, 1935, Proceedings, Vol. 31, p- 
539. Various types of vibrators used with good results. Wibrators used on 
pavements, one of which was made with lightweight aggregates. 


(22) Vibration as an Aid in Placing Better Concrete, by L. H. Tuthill. Journat, 
Am. Concrete Inst., May-June, 1935, Proceedings, Vol. 31, p. 545. Empha- 
sizes importance of proper handling and placing of concrete to secure full 
benefit of vibration. Efficiency of vibrators must not be impaired by using 
them to transport or remix concrete in forms. Discusses other requirements. 


(23. High Frequency Vibration as Applied to the Construction of Concrete Pave- 
ments, by F. H. Jackson. Journau, Am. Concrete Inst., May-June, 1935, 
Proceedings, Vol. 31, p. 551. Summarizes experiences of state highway de- 
partments and Bureau of Public Roads. Concludes that, if properly applied, 
vibration can be used to materially improve quality of paving concrete but 
if maximum benefits are to be secured, present methods of handling concrete 
must be revised. 


(24) Concrete Vibrating Practices in France, by B. Moreell. Journat, Am. Con- 
crete Inst., Sept.-Oct., 1935, Proceedings, Vol. 32, p. 66. In addition to 
American types of vibration, internal “floating” vibrators are used. 
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(25) Practical Application of Vibration for Placing Concrete, by 8. Comess. Jour- 
NAL, Am. Concrete Inst., Sept.-Oct., 19385, Proceedings, Vol..32, p. 68. Vibra- 
tion treatment required depends on characteristics of mix. Vibration does 
not cause “bleeding”? but causes its earlier appearance. Light vibrators 
proved ineffective in mass concrete. Greatest dispersion and liberating of 
air bubbles from face was secured when vibrators were held as closely as 
possible to form. 


(26) Observation on the Use of Vibration in the Field, by T. C. Powers. Journat, 
Am. Concrete Inst., Sept.-Oct., 1935, Proceedings, Vol. 32, p. 74. When 
unsatisfactory results were secured it was usually due to poor management 
of crew, improper transporting of concrete, unwise selection of vibrators, 
operating vibrators below normal speed, improperly designed mixes. Out- 
lines method of designing mixes. 


For such discussion of this report as may develop readers are re- 
ferred to the JourNnau for Sept.-Oct. 1936. Duscussion should 
reach the Secretary by July 1, 1936. 
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A Srupy or THE Economics oF HIGH STRENGTH 
CONCRETE IN BUILDING CONSTRUCTION* 


BY F. E. RICHARTT 
MEMBER AMERICAN CONCRETE INSTITUTE 
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DurineG the last few years, the subject of high-strength concrete 
has been discussed by a number of engineering writers, including A. R. 
Lord, T. T. Towles, Inge Lyse, H. J. Gilkey and G. C. Ernst.{ All 
have pointed out certain advantages and economies to be attained 
through the use of high-strength concrete. It is the purpose of his 
paper to analyze savings in building costs due to the use of high grade 
concrete, and also to indicate some of the less tangible benefits which 
may be secured. 

Consideration of a simple member, such as a plain concrete pier, 
indicates a great possibility of saving in cost, since if the concrete 
strength is doubled, the volume of the pier may be halved. However, 
plain concrete finds little use in buildings, and with the addition of 
reinforcing steel, the cost is greatly increased. Even in reinforced con- 
crete, the simple compression member still offers the greatest oppor- 
tunity for the use of high-strength concrete, for when flexure is en- 
countered the use of improved concrete generally requires in turn an 
increase in the reinforcing steel. 

Comparison in general is difficult because of the many factors in- 
volved, such as the arbitrary requirements of building codes, labor 
union rules, wide variations in the cost of materials and in freight and 
hauling charges, and a great spread in relative costs between cement, 
aggregates and steel. 

The following comparisons will be based on a consideration of the 
actual strength and cost of various concrete mixtures. It does not 


*Presented at the 32nd Annual Convention, American Concrete Institute, Chicago, Feb. 25-27, 1936. 

+Research Professor of Engineering Materials, University of Illinois, Urbana. ‘ ( 

tA. R. Lord, ‘Design and Cost Pata for the 1928 Joint Standard Building Code,” Proceedings, 
Am. Concrete Inst., Vol. 25, 1928, p. 537-744. | 

T. T. Towles, ‘Advantages in the Use of High-Strength Concretes,” JoURNAL, Am. Concrete Inst., 
May, 1932, Proceedings, Vol. 28, p. 607-612. 

Tage Lyse, Relation between Quality and Economy of Concrete,” JournaL, Am. Concrete Inst., 
March-April, 1933, Proceedings, Vol. 29, p. 325-343. ; : PAs. 

aa ve Gilkey and G. C. Ernst, Report of Project Committee on the Use of High Elastic Limit Steel 
as Reinforcement for Concrete, Proceedings, Highway Research Board, Vol. 14, Part 1, p. 255-302, 1935. 
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cover fully the common condition under which material is often wasted 
today; namely, the practice of using a concrete of much better quality 
than that utilized in the design computations. This is a matter for 
cooperation between designer and builder, for there is no object in 
using an unnecessarily expensive concrete if, for example, the strength 
of the structure is governed by the design of the reinforcing steel. 


MATERIAL COSTS 


For the quantitative study of building costs, a set of average costs 
has been selected which is based on published records from various 
cities in the United States. This information, both as to the separate 
materials and as to ready-mixed concrete, together with specific data 
on cost of materials, handling and placing, have resulted in the follow- 
ing unit values: : 


Concrete Strength Price per cu. yd. 
2 ~ $7.20 
3000 7.50 
4000 7.90 
5000 8.40 
6000 9.05 


Concrete, in place in structure, but not including forms or protection. 
These costs are based upon the assumption that the concrete will be 
handled in lots of 100 cu. yds. or more. Similar cost values for rein- 
forcing steel, including fabrication and setting in forms, are as follows: 


Bar Steel for slabs, beams, columns, etc.................... $ 78 per ton 
Stirrups and hot rolled spiral reinforeement................. 90 per ton 
Cold drawn wire spiral reinforcement...................... 100 per ton 


It is recognized that these values may all be rather low since they 
contain no allowance for waste or for various overhead charges, but 
the whole study is intended to apply particularly to the large, well- 
organized job, in which the opportunities for saving in cost may be 
important. The ratio of costs of concrete and steel are believed to 
be fairly representative. The cost of forms has not been included in 
this study, since the advantage in form costs in favor of the stronger 
concrete is of relatively minor importance. Similarly, the costs of 
curing, protection, and many other incidental charges have not been 
included here, since they are unaffected by the grade of concrete used. 


STUDY OF BUILDING COSTS 


The computations to follow are intended to apply to a reinforced 
concrete building of five to eight stories. While an actual building 
frame of definite size has not been used, the relative importance of the 
various elements of the building will be recognized. In choosing a 
range of concrete strengths for this study the upper limit has been set 
somewhat high, though it can be attained with mixtures in general use, 
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while the lower limit may result in concrete of doubtful durability. 
The range from 2000 to 6000 p. s. i. may be defended on the ground 
that a consideration of rather extreme limits is needed to indicate 
clearly the effect of smaller variations. 


In the comparisons to follow, the designs will be made in accordance 
with the 1928 Joint Standard Building Code of the American Concrete 
Institute and the Concrete Reinforcing Steel Institute, unless other- 
wise noted. Except for the case of columns, the comparisons made 
here would not be changed appreciably had the 1936 revision of the 
code been used instead of the 1928 edition. 


FLAT SLABS 


Comparative studies have been made of the cost of an interior panel 
of a flat slab floor, assuming concrete strengths of 2000, 4000 and 6000 
p. s. i., panels 16, 20 and 24 ft. square, and live loads of 100 and 300 
p.s.f. The thickness of a flat slab with drop panel is governed by two 
limitations; a minimum limit of J, of span (for 2000-lb. concrete) and 
a strength formula. It is found that the former governs for ordinary 
spans when the live load is less than 150-170 p. s. f. and the other 
applies above this limit. This dual specification produces a difference 
in the basic design for the two live-loads used in this study. Another 
feature of the code is the provision for varying slab thicknesses in- 
versely with the cube root of the strength of the concrete used. This 
rule was evidently intended to maintain a constant deflection of slab, 
and results in an excess of compressive strength when high-strength 
concrete is employed. On the basis of strength alone, high strength 
concrete is penalized to some extent in this flat slab code. 

The effects of high strength concrete in effecting a saving in amount 
of concrete, an increase in amount of reinforcing steel, and a saving in 
total load to be carried by columns and footings, together with the 
relative total slab costs, are summarized in Table 1. It is evident that 
the replacement of 2000-lb. concrete with 4000-lb. material, while it 
reduces the slab thickness 20 to 23 per cent, also increases the amount 
of reinforcement a somewhat similar amount, and produces only 0 to 
4.5 per cent saving in cost. Similarly the use of 6000-lb. concrete re- 
duces the amount of concrete about one-third, increases the steel 
tonnage 27 to 49 per cent and increases the total cost from 0 to 9 per 
cent. A further advantage which cannot be applied to the slab costs, 
is the saving in load transmitted to the substructure, varying from 5 
to 16 per cent for the various cases shown. For codes which permit a 
reduction in column live loads in lower stories, the saving is still greater 


than that shown. 
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TABLE J—-FLAT SLAB COST DATA 
Based on 1928 A. C. I. Building Code 

Span of Per Cent Per Cent ; Per Cent 
Square Live Load | Concrete Slab Saving in | Increase in | Relative Saving in 
Panel lb. per Strength | Thickness* | Amount of | Amount of Costs Load on 
ft. square ft. f’c in. Concrete Steel Columns 

16 100 2000 6.0 —- SS 100.0 === 

, 4000 4.75 20.7. 21.0 98.2 9.2 

6000 4.25 30.7 36.5 102.4 13.6 

ie 300 2000 7.5 es ae 100.0 ares 

4000 5.15 22.5 28.0 100.4 5.3 

6000 5.0 33.2 49.0 109.0 FATS 

isoo4, 100 2000 7.5 re cae 100.0 ee 

4000 6.0 20).:7 17.5 96.5 9.8 

6000 5.25 30.7 30.5 101.3 14.7 

7 300 2000 9.0 ae a 100.0 coe 

4000 (ha) 22.2 25.0 99.7 6.0 

6000 6.0 33.3 45.0 105.1 9.0 

24 100 2000 9.0 — a 100.0 SSS 

4000 G25 20..7 16.0 95.5 11.0 

6000 6.25 30.7 27.5 99.7 16.3 

300 2000 11.0 a sacses 100.0 == 

4000 8.5 23.0 24.5 100.7 8.9 

6000 7.25 34.6 42.5 106.0 10.7 


*Minimum allowable thickness = 7s of span x aoe for all live loads below 150 lb. per sq. ft. 
fre 


Slab thicknesses shown to nearest quarter inch, but theoretical values used in cost computations. 


¢ 


RECTANGULAR BEAMS AND ONE-WAY SLABS 


The rectangular beam is not particularly important in buildings 
but the one-way slab is very commonly used. However, cost studies 
of both types of member have been made. Upturned spandrel beams 
and isolated beams are often designed as rectangular beams. Table 2 
presents a study of costs for such beams, under one particular set of 
conditions. Two extreme limits of design are considered; (1) width of 
beam held constant, depth varied with change in concrete strength, 
and (2) depth of beam held constant and width varied. The usual 
design, in which both depth and width would be varied, lies between 
these extremes. 


In preparing Table 2, the code values of f, = 20,000 p. s.i., fe = 
Af’., and nf’. = 30,000, were used. In part I, with constant depth of 
beam and balanced reinforcement, it is seen that as higher strengths 
of concrete are used, the amount of reinforcement increases faster than 
the volume of concrete decreases; as a result, the cost shows little 
change, but would probably increase considerably for values of f’, 
above 6000 p.s.i. The reduction in total load due to the use of stronger 
concretes is small. It has been assumed in the foregoing that flexural 
stress governs the beam design. ‘The shearing stresses become a 
smaller proportion of the compressive strength as the latter is increased, 


f 
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I. Width of Beam Constant, Depth Varying. Constant Live Load 2400 lb. per lin. ft. 


h Per Cent Per Cent Estimated Per 
Concrete Effective Reduction Increase in Relative Cent Reduction 
Strength Depth in. in Amount Amount of Costs in Total Load 
of Concrete Steel (L. L. + D. L.) 
2000 22.0 —_—— —— 100.0 ——a 
3000 18.0 16.7 20.5 97.5 1.8 
4000 15.6 26.5 37.5 99.1 3.0 
5000 13.9 333% 7/ 52.0 101.2 S374 
6000 ae 38.7 65.0 106.2 4.3 


II. Depth of Beam Constant, Width Varying. 


Constant Live Load 2400 lb. per lin. ft. 


2000 
3000 
4000 
5000 
6000 


= 
S 
=) 
o 


(o>) 
i 
Crone 


NID | 
PMO | 


Note: Full theoretical reduction of width not always possible. 
bond and shear requirements. 


TABLE 3—COST DATA FOR ONE-WAY SLABS 


Design may be modified slightly by 


Simple Span—Live Load 300 Ib. per sq. ft. 12 ft. Span 
Per Cent Per Cent 
Concrete Effective Reduction Increase in Relative Estimated Per 
Strength Depth in. in Amount Amount of Costs Cent Reduction 
of Concrete Steel in Total Load 

2000 7.50 aS == 100.0 — 

3000 6.00 17.5 19.0 96.7 4.5 

4000 5.10 28.1 36.0 96.3 7.3 

5000 4.50 35.2 51.0 99.5 9.0 

6000 4.10 40.0 63.5 103.7 10.4 


and where stirrups are required the volume of stirrup steel remains 
constant as the depth of beam is varied. Bond stresses offer no 
difficulty with high strength concretes, as the induced stresses do not 
increase as rapidly as do the allowable values. 


Referring to part II, of Table 2, very considerable savings may be 
produced with the higher strengths of concrete by holding the beam 
depth constant and decreasing the width. Obviously, there would be 
practical limitations to this, since beam widths are often governed by 
the spacing of the longitudinal steel. However, there is a large saving 
in concrete, a small one in longitudinal steel, there is no increase in 
cross-section due to increased shearing stress, no increase in stirrup 
steel and the permissible increase in bond stress will help very con- 
siderably in reducing the number of reinforcing bars as the width of 


the beam is decreased. - 


While actual modifications of beam designs in the utilization of 
stronger concretes may lie between the two cases illustrated, the second 
method points the way toward a very considerable economy in costs, 
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and appears to be the limiting case which practical designs might well 
approach. 

Table 3 gives cost data for a typical one-way slab design. ° It is 
evident that the one-way slab falls under case I of Table 2, the rec- 
tangular beam of constant width and varying depth. The slab design 
differs from ‘beam design in one respect; the ratio of dead load to live 
load on the slab is much larger than it is for the beam. Hence, it is 
possible with strong concretes to effect a greater reduction in total load 
for slabs than for beams. The reduction in cost of slabs, as shown in 
Table 3, is small, but taken together with the reduction in total load 
to be transmitted to the columns and footings, it may result in a worth- 
while saving on a large structure. The cost relations for the one-way 
slab made with different grades of concrete are seen to be similar to 
those for flat slabs. 

T-BEAMS 

The great majority of beams and girders in buildings are designed 
as T-beams. The T-beam offers less chance for saving through the 
use of high strength concrete than the rectangular beam because the 
depth is rarely governed by the concrete fiber stress. Usually there is 
so much adjacent floor slab to be utilized as a T-flange that the con- 
crete compressive stress is low. The possibility of saving in T-beams 
lies in a reduction in the width or depth of the stem or web of the beam. 
Since this is governed by diagonal tensile stresses and by bar spacing 
requirements, it appears that considerable savings may be effected 
through reductions in width, in the direction shown in part II of Table 
2. The saving, however, is confined to the stem of the T-beam and 
may be perhaps 24 as great as that obtained with the rectangular beam. 


COLUMNS 


The greatest reduction in cost in a building structure may be secured 
through the design of the columns. The column is essentially a com- 
pression member. The volume of a plain column varies inversely as 
the strength of the concrete, but such a column is not used. With the 
addition of compression steel, and of ties or spirals, the savings due to 
strong concretes are lessened, but still very considerable in amount. 
Fig. 1(a) shows the relative cost of spirally reinforced columns of 
different concrete strengths and steel ratios. Following the 1928 A. C. 
I. code, these columns have spiral reinforcement equal +o one-fourth 
the longitudinal reinforcement. The figure shows that the column 
cost may be decreased by the use of a low steel percentage and of high 
concrete strength. However, using low steel percentage alone results 
in relatively large columns; in addition, from considerations of shrink- 
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Fic. 1—Cost oF SPIRAL COLUMNS UNDER 1928 copE: (a) LOAD, 
1,000,000 LB.; (b) Loap, 250,000 LB. 


age and flow, the minimum percentage of steel is known to produce 
undesirably high steel stresses with sustained loading. Use of the 
maximum percentage of steel, while structurally desirable, results in 
high cost. Some intermediate value, say 2 to 3 per cent, would seem 
to be a happy medium. If this percentage is combined with a strong 
concrete, it is evident that both the cost and the column diameter are 
greatly decreased. This bears out the statement, made nearly thirty 
years ago by M. O. Withey,* that “cement is an economical reinforce- 
ment?’ forcolumns. Fig. 1(b) shows a similar study for columns carrying 
a relatively low load. Fig. 2 shows a comparison of costs of tied and 
spirally reinforced columns under a medium load. In this figure the 
steel percentage is based on core areas for spiral columns and on gross 
area for tied columns. This upsets a direct comparison, but it is 
evident that nearly all of the tied columns are cheaper than the 
corresponding spirally reinforced columns. This is caused in part by 
a lack of balance between the formulas for tied and spiral columns 


under the 1928 code. 

Fig. 3 shows a similar comparison of tied and spiral column costs, 
based on the column formulas given in the 1936 Proposed Building 
Regulation for Reinforced Concrete, prepared by Committee 501 of 
the Institute.t For comparison, the values from Fig. 2 for the old 


*M. O. Withey, ‘‘Test of Reinforced Concrete Columns,’’ University of Wisconsin, Bul. 466, 1910. 
+These foennine were later revised on the floor of the Convention. The costs given for the 1936 


report in Fig. 3 are based on the original formulas and are lower than those resulting from the revised 


formulas. 
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A. C. I. code, are also shown in dotted lines on this figure, due account 
being taken of the different basis of calculating steel percentages in 
the two cases. It is seen that the 1936 formulas resulted, in general, 
in lower column costs, as well as in smaller columns, than those ob- - 
tained with the 1928 code. For spiral columns, the 1936 ‘costs for 
2000-lb. concrete are held unusually high by the requirement of a 
minimum spiral percentage of 144 per cent. With the stronger con- 
cretes the spiral cost still remains relatively high, but the reduction in 
concrete area and in vertical steel are enough to produce very marked 
cost reductions as the concrete strength is increased. The balance 
between tied and spiral column design is better than in the old code, 
but the tied column still shows a considerable margin in economy for 
a majority of the possible designs covered. 

The possibility of saving in column costs may be examined by con- 
sidering both tied and spiral columns carrying 500,000 Ib. load under 
both codes, using as a representative percentage of vertical steel a 
value of 2 per cent of gross area. The relative costs are as follows: 


1928 A. C. I. Code 1936 A. C. I. Report 

te Strength 

Sao Baga Spiral Tied Spiral Tied 
2000 100.0 100.0 100.0 100.0 
3000 87.8 73.4 78.0 78.7 
4000 77.3 59.0 69.7 65.9 
5000 69.6 49.7 65.4 57.0 
6000 64.1 43.5 62.7 51.0 


As a generalization of these data, giving principal weight to the 
values for tied columns, which represent by far the greatest number of 
columns used in buildings, the possible saving through the use of con- 
cretes stronger than 2000 p. s. i. might be summed up in the following 


average figures: 


for 3000-lb. concrete, 20 per cent; for 4000-lb. concrete, 33 per cent; 
for 5000-Ilb. concrete, 42 per cent; and for 6000-lb. concrete, 50 per cent. 


These rather large savings in the cost of columns under axial loading 
will be reduced considerably if such columns are also subjected to 
bending stress, as is frequently the case with exterior columns. 


FOOTINGS 


In the design of footings, bond is normally an important considera- 
tion; however, under the A. C. I. code, limitations due to bond stress 
are eliminated through the device known as special anchorage. By 
hooking the ends of footing bars, the allowable bond stress on the 
bars is doubled. The design of footings under the code is therefore 
governed by flexure and diagonal tension. This being the case, the 
possible saving due to strong concretes falls in about the same class 
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as that for the rectangular beam of varying depth and constant width. 
The principal savings through the use of high strength concrete in 
footings will be through the reduced load transmitted to them. This 
may result in a smaller footing, or in the use of a less expensive type 
of footing. Some typical footing costs were quoted some years ago by 
F. E. Brown, writing on “Chicago Foundations” in the Handbook of 
the Illinois Section, American Society of Architects. He states that to 
carry a load of 700,000 lb., a spread footing costs about 89 cents per 
thousand pounds carried, a pile footing about $1.20 per thousand 
pounds carried, and a rock caisson to elevation — 95 ft. about $2.31 per 
thousand. It is evident that a reduction in load which would permit 
the substitution of spread footings for pile footings, would effect a very 
considerable saving in foundation costs. 
SUMMARY OF DIRECT COST REDUCTIONS 

A summary of the savings to be effected in the different parts of the 
building structure may be made by a consideration of the relative 
importance of each element. A study of building plans indicates that 
of the total cost of the bare concrete structure, the floors and roof will 
cost about two-thirds; the columns, 20 to 25 per cent, and the footings 
most of the remainder. As previously noted the saving in the building 
frame is confined almost entirely to the columns and footings. The 
savings on flat slabs or on slab and girder construction will be of the 
order of + 2 to 3 per cent, except for cases of beams in which a reduc- 
tion of beam width is possible. Even with the latter it is not likely 
that a floor system could be reduced in cost more than 5 or 6 per cent; 
this would mean 3 to 4 per cent of the total cost. In addition the re- 
duction in load to columns and footings may amount to 4 to 12 per 
cent. This will result in a corresponding saving in the footings, but 
will not amount to more than 1 per cent of the total cost. The com- 
bination of load reduction and the material saving on columns may 
reach 25 to 55 per cent, or 6 to 14 per cent of the total cost of the 
structure. Summing up, the total saving on the entire structure for 
the range in concrete strength from 2000 to 6000 p. s. i. may reach 
values of 8 to 18 per cent. For heavy flat slab structures in which 
spiral columns predominate, the possible saving will be less, probably 
not over 13 or 14 percent. It is probably unwise to attempt to general- 
ize further as to possible savings; the application of the foregoing data 
to specific structures, however, should furnish a fairly definite idea of 
what reduction in cost is possible. 

ADVANTAGES AND DISADVANTAGES OF HIGH-STRENGTH CONCRETE 

Aside from the question of direct costs, there are many other proper- 
ties of high-strength concrete which produce more or less tangible 
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advantages and disadvantages. In general, greater durability may be 
expected with the stronger material, the resistance to wear or abrasion 
is known to increase with the strength, and greater workability and 
ease of placing will usually be obtained during construction. In 
shrinkage, the richer material shows at a disadvantage, since a 6000-Ib. 
concrete will shrink definitely more (in amounts varying from 25 to 
75 per cent) than a 2000-Ib. concrete. This shrinkage may not be a 
matter causing much difficulty in design, but must be listed as a 
liability and not an asset. Large amounts of shrinkage and volume 
change may require the use of expansion joints in a structure where 
they would not be needed under ordinary conditions. The property 
known as time yield, creep or flow of concrete, unlike shrinkage, does 
not appear to vary appreciably with variations in concrete strength, 
provided the stress applied is in all cases the same proportion of the 
concrete strength; this is the case under A. C. I. code stresses. The 
Institute’s recent column investigation showed no particular difference 
in time yield between nominal 2000 and 5000-lb. concretes.* 

The deflection of reinforced concrete members, a quantity not easily 
computed, is of interest as the depth of beams and slabs are decreased 
through the use of stronger concretes. The flat slab provisions of the 
code evidently are intended to provide a constant stiffness when 
different values of f’. are employed; actually they fall short, both be- 
cause the modulus of elasticity is not proportional to strength for 
strong concrete and because the effect of the reinforcing steel is not 
considered. The result, then, is that for flat slabs, and even more so 
for slabs and beams of varying depth, the deflection increases as 
stronger concretes are used. In beams of constant depth and varying 
width, the deflection remains more nearly constant than in the other 
cases. This increase in deflection, since it involves no increase in 
tensile strains and hence no increase in tensile cracks, should not be 
of great importance, though for various reasons some definite limit on 
deflections and a minimum value of slab thickness should be set. 

The lack of validity of the relation H, = 1000 f’., has been men- 
tioned; a similar lack of complete proportionality exists with regard to 
compressive and bond stresses, for which tests indicate a somewhat 
lower ratio to cylinder strength for strong concretes than for weak ones. 
The slightly lower factor of safety for compressive and bond stresses 
for strong concretes indicate that caution is needed in applying a rule 
for working stresses to extreme limits not contemplated when the rule 
was orginated. However, so far as compressive strength is concerned, 
the factor of safety for code stresses is ample, being approximately 3.5 


*See Bul. 237, University of Illinois, Eng. Exp. Sta., 1934. 
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as compared to a value of 2.25 to 2.5 for tensile steel. The code values 
of f. = 0.4f’., and 0.45f’, at sections of negative moment, are still 
conservative. 

A considerable advantage to be derived from the use of stronger 
coneretes is found in the possibility of longer spans and of greater clear 
floor space. The use of greater spans and larger panels requires co- 
operation between architect and engineer; however, there is no question 
of their desirability from the user’s standpoint. Similarly, the re- 
duction of column sizes will remove an oft-repeated objection to the 
taller concrete buildings, and floor areas in which the column space is 
held to a minimum should certainly receive preference from a rental 
standpoint. 

HIGHER STEEL STRESSES 

It has been demonstrated that flexural members, which comprise a 
large portion of any building, show little advantage through the use 
of strong concrete because although the depth of beam or slab may be 
reduced, this is offset by a required increase in reinforcing steel. Ob- 
viously, if the increase in concrete quality could be matched in steel 
quality which would justify a higher steel stress, a great saving in cost 
would result. Referring to Table 1, for flat slab design, with a 20-ft. 
panel under 300 lb. per sq. ft., it is easy to see that while the use of 
4000-lb. concrete produces a saving (as compared to the 2000-lb. de- 
sign) of only 0.3 per cent with the usual steel stress of 20,000 p. s. i., 
an increase to 25,000 p. s. i. would result in no increase in steel over the 
2000-Ib. design, and a saving of 9.5 per cent on the total cost. Sim- 
ilarly an increase to steel stress of 30,000 p. s. i. in the same case would 
produce a saving of 15.5 per cent in total cost. These values assume 
that there is no increase in cost of the steel used with the higher stresses. 

While the possible savings are substantial, there may be several 
objections to the higher steel stresses. Without question there will be 
an increase in tensile strains in proportion to the higher stresses, with 
an accompanying increase in tensile cracks. This enlargement of 
tensile strain will also produce definitely greater deflections. High 
steel stresses produce a problem in higher bond stresses, without the 
corresponding increase in capacity which depends solely on concrete 
quality. The increase in size and number of cracks may affect both 
bond and shearing resistance of a beam, besides possibly permitting 
rusting of the steel in cases of severe exposure. Because of these 
several rather definite objections, the wisdom of increasing the stress 
in tension steel is far more doubtful than that of utilizing higher con- 
crete quality. Raises in steel stresses should come slowly, and be 
guided by both experience and tests. 
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CAN POSSIBLE SAVINGS BE ATTAINED 

Granting that a saving in 10 or 15 per cent of structural cost is 
possible, can it be attained under present practice, and should the 
owner of a building be advised to use high strength concrete? This is 
a question for structural engineers to consider. Under a system where- 
in neither architect nor structural engineer will take responsibility for 
thorough and adequate inspection (often because of insufficient fees) 
the use of unusually strong concrete should not be attempted. If the 
structural engineer is satisfied to design buildings that he never sees 
built, he should stick to his time-honored 2000-lb. concrete. However, 
it would seem that even a 10 per cent margin would pay a good in- 
spection fee several times over and there should be some way for the 
owner to secure this inspection, and to realize a substantial saving at 
the same time. 


GAIN OR LOSS TO THE CONCRETE INDUSTRY 


Aside from the saving that has been indicated above as due to the 
owner of the building, is the building of high strength concrete other- 
wise desirable to the construction industry? In practically all cases, 
the savings indicated with increased concrete stresses have been 
effected through a large reduction in concrete quantities, much greater 
than will be compensated by increase in unit price. In the case of 
flexural members this has been accompanied by a marked increase in 
steel quantities. In columns, much of the saving in cost has been at 
the expense of the concrete quantities, though with the great latitude 
in amount of steel permitted, some designs show far less steel tonnage 
than others. Because of the relative importance of beams and slabs, 
it may be concluded that high strength concrete will result in a distinct 
reduction in total value of concrete used, combined with an increase in 
steel tonnage. However, if this results in a superior structure at a 
reduced cost, the result in a competitive market should be an expansion 
in volume of building in this type of material, so that the reduction in 
cost of a single job may be greatly overbalanced by the larger number 
of jobs to be handled. 
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the NRA code was still in effect, and while market prices of steel have 
not changed appreciably since, it appears that actual prices have 
lowered. The effect, so far as the conclusions of this paper are con- 
cerned, is to permit slightly greater savings than have been conceded 
herein; such savings increase as the percentage of reinforcement in- 
creases. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journat for Sept.-Oct. 1936. Such discussion should 
reach the Secretary by July 1, 1936. 


RECENT DEVELOPMENTS IN THE MANUFACTURE 
AND USE or Cast STONE* 


BY C. G. WALKERT 


DurinG the last eight years it has been my privilege to be very 
closely associated with the cast stone industry. The paper which I 
am presenting here is based on personal experiences and observations 
in working with both the producers and the users of cast stone. 


It is the avowed object of the American Concrete Institute ‘to 
provide a comradeship in finding the best ways to do concrete work 
of all kinds and in spreading that knowledge.” On that basis it is 
appropriate that through the Institute some of the misinformation 
and prejudices surrounding cast stone should be torn away, the real 
problems of the material studied, and the progress of the art recorded. 


The extent to which even many concrete and cement men fail to 
comprehend the real character and proper function of cast stone is 
surprising. Most of you probably are accustomed to thinking of 
cast stone as an imitation of one or another quarried stone, and you, 
more than likely, have a notion that in all cases it is or should be less 
expensive than the material it displaces. Unfortunately, this same 
notion has also been held by altogether too many of those who make 
and those who use cast stone. Asa direct consequence of this attitude, 
the material has been forced to play the role of an imitative substitute 
with the inevitable result that its performance has frequently been 
unsatisfactory. 

The increasing attention now being received by concrete as a full- 
fledged architectural material gives new importance to this much 
maligned and misunderstood product, cast stone. Cast stone ts concrete. 
It is disregard of that fact and the consequent violation of fundamental 
principles of concrete by those who make and use cast stone that are 
responsible for most of the difficulties with it. The development of 
concrete architecturally can be greatly facilitated by the appropriate 
utilization of cast stone in its true character as precast concrete. The 


*Presented at the 32nd Annual Convention, American Concrete Institute, Chicago, Feb. 25-27, 1936. 
+Secretary, Cast Stone Institute, 33 West Grand Ave., Chicago. 
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purpose of this paper and of the exhibition in the adjoining room is 
to supply information on developments in the manufacture and use of 
cast stone and its inherent possibilities as precast architectural concrete. 


IMPROVEMENT IN PHYSICAL QUALITY 


One of the most important recent developments in cast stone has 
been the remarkable improvement in its physical quality. Prior to 
the adoption of a tentative specification by the American Concrete 
Institute in 1929, neither users nor producers of cast stone were 
accustomed to pay much attention to strength and absorption. As 
pointed out in the first report of Committee P-3, all the emphasis 
was being laid on architectural details at the expense of those proper- 
ties upon which the durability of the material depended. In the few 
instances in which physical quality was considered a compressive 
strength of 1500 p.s.i. was specified. When Committee P-3 set 5,000 
p.s.i. as the minimum requirement for cast stone there was a great 
deal of head shaking among cast stone manufacturers and within the 
concrete fraternity. Today that requirement is being met readily by 
most manufacturers and a number of them are advocating require- 
ments considerably higher. 


TABLE 1—COMPRESSIVE STRENGTH OF CAST STONE 


Samples selected at random. Tests made on 2-inch cubes 
Specimens dried at 105°C. before test 


Compressive 
Lab. No. Strength Source of Sample Tested 
lb. sq. in. ‘ 
223 9490 Campbellsport Bank Bldg., Campbellsport, Wis. 
301 9130 Colored Panel from manufacturers yard (Exhibit 16) 
364 9540 duPont Carillon Tower, Nemours, Del. 
365 9760 duPont Carillon Tower, Nemours, Del. 
366 7380 High School Bldg., Henderson, NG: 
370 10860 Oceanside High School, Oceanside, Long Island 
372 10950 Store Building, 2158 N. Clark St., Chicago 
374 9100 Manufacturers’ yard, New Orleans, La. 
376 8900 Village Hall, Floral Park, Long Island 
Ste 9000 Art Museum Building, Wichita, Kansas 
378 9700 Genesee Brewery Bidg., Rochester, N. Y. 
379* 9240 Barney Balaban Swimming Pool, Plano, Ill. 


*3-inch cubes. 


In a recent survey of quality, samples of cast stone were taken from 
actual jobs and tested. The results are given in Table 1. 


These samples came from different plants representing all the com- 
monly used processes of manufacturing, and they were in no way 
specially treated. From these test results it is apparent that the present 
requirements of the tentative specification are far below the quality 
of much of the cast stone being produced commercially. To that 
extent the present specification does not assure to the purchaser the 
benefits of the recent improvements in cast stone quality and in fact. 
may stand in the way of his getting better cast stone. Under the 
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circumstances it appears that the requirements of the specification 
might well be raised to a point more in line with the upper level of 
quality. 

Some questions have been raised as to why such emphasis should 
be laid on compressive strength in cast stone in view of the fact that 
even a low compressive strength would carry the loads to which the 
material is normally subjected. One very good reason is that com- 
pressive strength is a reliable measure of the skill and care used in 
the manufacture of cast stone. The nature of cast stone work is 
such that it requires a mix which is rich in comparison with what is 
used in most other forms of concrete. Mixes for cast stone range 
generally between 1:3 and 1:4 by weight and inexperienced manufac- 
turers are very apt to use even richer mixes. On the basis of such 
mixes, high strength is the natural result of the application of reason- 
able care and thoroughness in manufacturing processes. It is, in 
effect, a by-product of skill and experience. The requirement of high 
strengths is one means of making sure that manufacturers will be 
vigilant and thorough in their plant processes. A lower requirement 
gives encouragement to laxness and to back-yard operations. 

There is another good reason for high standards of quality in cast 
stone. Cast stone is not only concrete but by its very nature it is, or 
should be, concrete at its very best both in form and quality. It is 
made under conditions which permit close control of materials and 
handling if the manufacturer is so minded. There is little point to 
having concrete made in a plant unless the benefits of the possibilities 
of plant production as contrasted with field production are to be 
obtained. Setting high standards of quality for cast stone requires it 
really to be what it may properly be expected to be. 

EXPOSED AGGREGATE FINISHES 


In another development in the cast stone field which has vast 
significance, manufacturers have gone back more than twenty years 
for their technique. I refer to the increasing production of the type 
of cast stone having a finish in which the aggregate is exposed by 
wire brushing or washing with an acid solution. While this can 
scarcely be classified as a recent development, its increasing applica- 
tion is noteworthy as an indication of the growing tendency to treat 
cast stone as concrete and to give it finishes which are natural to its 
character. This type of finish belongs exclusively to concrete and cast 
stone and more than any other it fits into the scheme of concrete as a 
plastic architectural material. 

The technique involved in this type of exposed aggregate finish has 
long been known. Mr. Whipple explained it fully in the book which 
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he published in 1915* but most cast stone manufacturers failed to 
realize its possibilities until concrete began to win recognition as an 
architectural medium in its own character. 


GAP GRADING 


As a basis for finishes of this type, cast stone manufacturers are 
learning to apply information on aggregate grading which is also 
old. In the November 27 issue of Engineering Record, an article by 
Robert H. McNeilly, assistant. professor of Civil Engineering at 
Vanderbilt University, gives the results of his experiments with what 
he termed a “jump” grading in aggregate for mortar and concrete. 
Professor McNeilly found that by eliminating sizes intermediate 
between the coarse and the fine the largest possible amount of aggre- 
gate could be crowded into the concrete and its strength and density 
greatly improved. For a 1:3 mix, using an aggregate of 14-in. as 
maximum size he specifically recommended a grading of 53 per cent 
passing the No. 4 and retained on the No. 10 sieve and 47 per cent 
including the cement, passing the No. 40 sieve. On the basis of 
aggregate alone this grading becomes 70 per cent of coarse material 
and 30 per cent of fine material. Many of the samples in the present 
exhibition are made according to this principle. 

While Professor McNeilly purposely limited his experiments to 
mortars, his results led him to conclude that the same principles 
could be applied to regular concrete mixtures with equally beneficial 
results. In so far as the appearance of cast stone and of all other forms 
of architectural concrete is dependent upon the aggregate, this theory 
of grading as established by the experiments of Professor MeNeilly is 
of special importance. 

AUTOMATIC MACHINE MOLDING 


In the field of manufacturing practices, the application of automatic 
machine molding to the production of cast stone is especially interest- 
ing both in itself and as a reflection of the study constantly being given 
by progressive manufacturers to the improvement of plant practices. 
Machine molding has been in actual use in the plant of the Dextone 
Company, New Haven, for more than four years. The best possible 
proof that it really works is provided in the fact that a second installa- 
tion was made after the first one was destroyed in a fire. 

In the process of machine molding (Fig. 1) a pattern is fastened 
face up to a pallet which in turn is fastened on the platen or molding 
platform of the machine. Sideforms are set around the pattern to 
the necessary height, forming what is known as a flask. Molding 


*“Concrete Stone Manufacture”’ (out of print). 
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Fie. 1— 
PATTERN FACE 
UP ON PALLET 
ON PLATEN OF 

MOLDING 

MACHINE 


Fig. 2—Puat- 
FORM OF 
MACHINE IS 
ROLLED OVER 


sand is then fed into the flask from an overhead bin and packed around 
the pattern by jarring of the molding platform. After the flask is 
jarred the sand is struck off and a heavy bottom board is clamped on. 
The platform of the machine is then automatically rolled completely 
over, (Fig. 2) depositing the flask upside down on the opposite side 
of the machine on a hydraulic elevator. The clamps are released and 
the molding platform is rolled back, (Fig. 3) automatically withdraw- 
ing the pattern from the mold and returning it to the original position 
ready for another mold to be made. It requires approximately 10 
seconds to jolt the sand into the flask, 15 seconds to roll the mold 
over, and 10 seconds to withdraw the pattern and roll it back. The 
mold shown on the machine in the pictures makes a piece of cast 
stone weighing about 800 pounds. At least 20 minutes would have 
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Fie3s— 
PATTERN WITH- 
DRAWN FROM 
MOLD 


Fig. 4— 
MOo.Lps ON 
CONVEYOR TO 
BE FILLED 


been required to make this mold by the old method of hand tamping 
the sand around the pattern. (See foreground Fig. 6). The machine 
will handle a load of 2600 pounds which with allowance for the sand 
and the flask means that a piece of cast stone containing about 15 
cubic feet can be handled. The table will accommodate a single piece 
four feet wide by eight feet long, or a number of small molds can be 
made in the same flask. 


The completed molds are carried from the machine to the filling 
station by heavy roller conveyors on which the cast stone remains 
until it is finished and stacked ready for shipment. (Fig. 4 shows a 
group of molds on their way.to the filling station.) Within 24 hours 
the cast stone is removed from the sand and distributed to the finish- 
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Fic. 5—Mo.ups 
FROM WHICH 
CAST STONE 

IS TO BE 
REMOVED 


Fic. 6—THE 
OLD METHOD 


ing room by means of turn tables intersecting the separate lines of the 
roller conveyor system. (Fig. 5 shows molds from which the cast 
stone is about to be removed.) The flasks are returned to storage 
behind the molding machine and the sand automatically drops into 
an elevator pit from which it is reconditioned and elevated to bins 
directly over the molding machines. 


The advantages of machine molding lie in reduction of labor costs, 
increase in speed and capacity of production, and improvement in 
physical quality and appearance. A large part of all this is due to 
the accuracy and precision of the machine-made mold itself which 
eliminates the trouble and expense of correcting the imperfections 
previously experienced under the old system of making molds in 
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sand beds with the pattern face down and the sand tamped around it 
by hand. 

It is developments like this that are taking the production of cast 
stone out of the status of a back-yard business. A great deal of credit 
is due to the enterprising manufacturers who persist in their efforts 
to improve the product in spite of the slowness with which the results 
of their efforts are recognized by those who use cast stone. 


VIBRATED CAST STONE 

While vibration is being applied to the production of cast stone, its 
adoption has not been as widespread as might be expected. This has 
been due chiefly to the failure or unwillingness of users to recognize 
that vibrated cast stone has definitely superior qualities which justify 
its cost. At the same time, even though the benefits of vibration are 
unquestioned, the new manufacturing problems which it introduces 
have been a serious obstacle to its wider application in cast stone plants. 


Vibration does produce cast stone of markedly higher physical 
quality and on one hand it saves money for the manufacturer by 
permitting the use of leaner mixes and by reducing the cost of most 
finishes in which the aggregate must be fully exposed. On the other 
hand, it adds appreciably to the cost by requiring molds which are 
exceptionally strong and watertight and by either slowing up produc- 
tion or requiring a large number of duplicate molds to be made up. 
Under vibration, a very tiny hole or crack in the mold will permit 
leakage of water with resultant ragged edges or the pumping in of air 
with resultant air holes in the surface of the cast stone. 

Probably the biggest benefit of vibration is that it makes polished 
cast stone possible. A durable polish can be applied to concrete only 
when the surface has a minimum of cement paste exposed. Through 
vibration it is possible to cover 80 per cent or more of the surface with 
aggregate particles. With less than this amount of coverage the luster 
of a polished surface will be noticeably dimmed as the exposed cement 
paste gradually loses its polish. Incidentally, aggregate of the granite 
type must be used in polished cast stone since other types of aggregate, 
and especially marbles, will not retain a polish under exterior exposure. 


As in all other forms of concrete, the benefits of vibration are 
obtained only when the mix is specifically designed for vibration. In 
the mistaken belief that vibration is good in and by itself, some manu- 
facturers vibrate the mixes which they customarily use in other 
methods of placing. As a matter of fact such an application of vibra- 
tion is apt to give disappointing results. The first changes in adjusting 
a mix for vibration should be to take out a large percentage of the 
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finer aggregate, reduce the proportion of cement to aggregate and cut 
down the amount of mixing water. In this connection, manufacturers 
are learning that the recommendations of Professor McNeilly on 
“jump” grading of aggregate are particularly applicable to mixes 
which are to be vibrated. On the basis of 3%-in. aggregate, which is 
about as coarse as is ever used in cast stone, excellent results are being 
obtained with a mix of 1:44% using 434 gallons of mixing water. 
While a mix of these proportions with less water can be molded by 
vibration, considerable difficulty is almost sure to be encountered with 
air holes which are particularly objectionable in surfaces to be honed 
or polished. 


Choice of vibrating equipment varies among manufacturers. One 
plant which has had excellent success with vibrated cast stone uses air 
vibrators of a type which is applied directly to the side of the mold 
and a small surface vibrator which is placed on top of the concrete 
within the mold. Another plant which produces vibrated cast stone 
exclusively uses vibrating tables. Internal vibration is not applicable 
to cast stone work due to the shallow molds. 

In spite of the benefits to be obtained from it, vibration does not 
appear likely to displace other methods of molding cast stone until 
there is more discrimination in favor of high quality and until the 
physics of its application to concrete mixes is better understood. 


CAST STONE FORMS FOR CONCRETE 


The most outstanding recent development in the application of 
cast stone is its use as forming for structural concrete. While this 
represents a radical departure from customary practices in concrete 
construction, it is an entirely logical development in the growing use 
of concrete in architecture. Such a system of construction is especially 
applicable when it is desired to decorate monolithic concrete through 
the use of color pigments, white cement or special aggregate. The 
inclusion of any of these materials throughout the full thickness of a 
concrete wall would be economically impracticable in most cases but 
they could readily be used in thin slabs of cast stone and the cast stone 
in turn used as the combined form and decorative treatment for ordi- 
nary concrete. This method of construction also provides a practical 
way of building insulation into a concrete wall through the use of a 
special backing on the cast stone itself. 

There are two general methods of using cast stone as forming. One 
eliminates all wooden forming on the outside face of the wall and 
depends upon the cast stone slabs themselves to carry the pressure 
of the freshly placed concrete. Such a system was used in the con- 
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struction of the 210 foot duPont Memorial Tower at Nemours, Del., 
during 1935. 

The other general method of applying cast stone as forming uses 
relatively thin slabs held in line and supported by studs on the outside 
face of the wall which are tied through the joints to the inner form. 
This system was used in the construction of the City Hall in Santa 
Ana, Calif., during 1935. A similar method was used in constructing 
the $8,000, 000 Dorchester Hotel in London in 1930 in which cast 
stone slabs were used as the outside forming and 2-in. cork boards 
served the double purpose of inside forming and insulation to which 
plaster was applied direct. 


HOMOGENEOUS VS FACED STONE 


In spite of what might be termed the ‘‘coming of age’”’ of the cast 
stone industry there still remain some rather pointless controversies 
over production methods and practices which serve only to confuse 
those who use the material. One popular bone of contention is the 
relative merits or demerits of what is referred to as faced cast stone as 
compared with cast stone which is homogeneous throughout. As a 
matter of fact, cast stone is neither good nor bad simply because it 
is homogeneous or because it is composed of different materials in 
the facing and the backing. Tests have shown a range from extremely 
high to extremely low quality in both types. Reports on their records 
in service show them just about even on actual performance. While 
the Federal Specification on cast stone unfortunately implies a differ- 
ence in quality by classifying homogeneous cast stone as Type I and 
faced cast stone as Type II, the physical requirements are the same 
for both. A tabulation of test results on specimens taken from 
actual jobs (Table 2) certainly gives no support for differentiation 
between faced cast stone and homogeneous cast stone on the basis of 
physical quality. 


TABLE Z—COMPRESSIVE STRENGTH OF CAST STONE 


Samples selected at random. Tests made on 2-inch cubes 
Specimens dried at 105°C. before test 


Compressive 
Lab. No. Strength Type 

. lb. sq. in, 

223 9490 Faced 

301 9130 Faced 

364 9540 Homogeneous 
365 9760 Homogeneous 
366 ; 7380 Faced 

370 10860 Homogeneous 
372 10950 Faced 

374 9100 Homogeneous 
376 8900 Homogeneous 
377 9000 Faced 

378 9700 Faced 

379 9240 Homogeneous 
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Expediency and economy are the real considerations which deter- 
mine whether a manufacturer makes his cast stone homogeneous or 
faces it. Some methods of manufacture simply do not lend themselves 
to the practice of facing. Some manufacturers using such methods 
have attempted to make a virtue out of a necessity and have been 
successful in establishing the idea that homogeneous cast stone is by 
its very nature much to be preferred over cast stone that is not homo- 
geneous. It should be clearly understood that this is a matter of 
personal opinion. 

The practice of using different materials in the face and the body 
of cast stone is a perfectly legitimate device for reducing cost. The 
logic and value of the practice is evidenced by the simplest of arith- 
metic. Approximately 32 pounds of aggregate is required to produce 
a square foot of cast stone 4 inches thick. The substitution of a 
$4-per-ton aggregate for a $30-per-ton aggregate in 3 inches of backing 
will effect a saving of approximately 30 cents per square foot for 
aggregate alone. There would be additional savings in the event 
special cements or color pigments were being used. Savings on 
materials would of course be offset to some extent by the added 
expense of handling two different mixtures but the final result would 
be much in favor of the practice of using facing. 

The most frequent criticism of faced cast stone is that the facing is 
likely to be split away from the backing. Ample proof is available 
from actual jobs that there is no inherent weakness in the bond between 
facing and backing. Broken test specimens demonstrate the total 
absence of a line of weakness between the two materials.* Whenever 
failure along this line does occur it may safely be taken as evidence of 
poor workmanship rather than as evidence of an inherent fault in 
this method of making cast stone. Unfortunately, it must be admitted 
that some manufacturers have been guilty of either just such careless- 
ness in their work or plain ignorance of the fundamentals of their 
business. 

MANUFACTURING PROCESSES 

What has been said of homogeneous and faced cast stone applies 
equally well to claims and counter claims with respect to processes of 
manufacture. Cast stone is neither superior or inferior merely because 
it is made by a particular process of molding. There are four general 
methods in use: sand molding which uses a wet mix in absorbent sand 
molds; puddling which uses a less wet mix in rigid molds; tamping 
which uses an earth-moist consistency in rigid molds; and vibrating. 
Each of these methods has its advantages and its weaknesses. The 


*Such test pieces were a part of the exhibit of cast stone. 
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tamping method in particular is frequently condemned as productive 
of nothing but inferior cast stone. It is a paradox that some of the 
best cast stone has been made by this method and at the same time 
some of the very poorest. This method is especially susceptible to 
abuse at the hands of manufacturers whose chief interest is in the 
lowest possible price. At the same time there are distinct advantages 
in the principle underlying the tamping process and it is likely that 
one of the next developments in manufacturing practices will be 
machine application of this method of molding. 
TIME A FACTOR IN MAKING GOOD CAST STONE 


Perhaps the greatest problem with which cast stone manufacturers 
have to deal grows out of the failure of most users to comprehend the 
importance of time as one element in cast stone making. It is safe 
to say that there is not one job out of twenty on which the manufac- 
turer is allowed sufficient time to make and cure his cast stone properly 
to say nothing of seasoning it. Therein lies the cause of one of the 
most common complaints against cast stone—the opening of mortar 
joints with resultant discoloration or leakage. 

The material has been most unjustly condemned because like prac- 
tically every other solid body it contracts with loss of moisture. This 
phenomenon of shrinkage upon drying is the reason why lumber is 
kiln-dried before it is used, why careful architects specify that lime- 
stone shall be thoroughly seasoned and free from quarry sap, and why 
the terra cotta manufacturer uses in his shop a rule which has 1234 
inches to the foot. Yet cast stone is set before it has had any chance 
at all to dry out and then roundly dammed for the occurrence of a most 
natural phenomenon. 

There is urgent need for recognition by both the producers and 
users of cast stone that a period of seasoning is just as important as a 
period of curing. One of the next developments in manufacturing 
practices might well be a method for accelerating and improving the 
curing and seasoning process but the need for it can never be elim- 
inated as long as water is used in the mixing of the concrete. 

There are other problems in the manufacture and use of cast stone 
which time does not permit discussing here. It is neither a perfect 
nor a fool-proof material. To those scientists and researchers among 
your membership who are looking for new worlds to conquer, cast 
stone, the Cinderella of concrete, offers a field of study which is both 
varied and interesting. 

For such discussion of this paper as may develop readers are re- 


ferred to the JourNaw for Sept.-Oct. 1936. Discussion should 
reach the Secretary by July 1, 1936. 


TESTS OF THE RESISTANCE OF CONCRETE MASONRY 
WALLS TO THE PENETRATION OF RAIN* 


BY R. E. COPELAND} AND C. C. CARLSONT 


LEAKY masonry walls persist today as one of the most perplexing 
problems in the construction of masonry structures. It is intensified 
by the non-homogeneous character of unit masonry. The materials 
themselves are more or less porous and will admit moisture. When 
combined in a wall, they provide separation planes at the bed and head 
joints where moisture may seep through. Fortunately, the amount of 
moisture admitted by the wall during rains of light or moderate 
intensity usually is insufficient to cause penetration to the inside face. 
However, in most sections of the country, hard driving rains of long 
duration occasionally occur and cause many cases of leaky masonry. 

It is a well known and experienced fact that no type of masonry 
not especially surface sealed is immune to this trouble nor is leakage 
any respector of the size or cost of the structure. Some of the finest 
buildings having unit masonry bearing or enclosing walls have leaked 
so badly a few months after completion that extensive waterproofing 
and repairs were required. 

TESTING RAIN RESISTANCE 


In view of this existing situation, the research described herein on 
rain resistance of masonry walls has been rather broadly planned with 
regard to types of materials and construction. That part completed 
to date and which is briefly reported in this paper, deals entirely with 
unpainted and painted walls of concrete masonry and has involved 
45 different test specimens and a total of 91 tests. The purposes of 
this part of the research were to determine. 

1. The rain endurance period of the walls when exposed to selected 
and controlled intensities of wind and rain in combination; 

2. The effect of variations in the physical properties of the masonry 
materials and in the construction and exposed surface treatment of the 
wall; and 


*Presented at the 32nd Annual Convention, American Concrete Institute, Chicago, Feb. 25-27, 1936. 
+Development Department, Portland Cement Association. 
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Fig. 1—GrNERAL VIEW OF TEST SHED, CONSTANT HEAD STORAGE 
TANKS AND TWO WALLS IN POSITION READY FOR TEST 


Fig. 2—Group OF TEST WALLS 


3. To develop information which may be applied in construction 
practice to insure that walls of this type will not leak under extreme 
rain conditions. 


Description of Test Walls 


The test walls were 32 in. wide by 48 in. high. The joints were about 
34 in. thick. The unit designs included 8 by 8 by 16 in. 3-oval core 
plain face and water-eroded face block with 32.3 per cent core area, 4 
by 8 by 16 in. 3-core plain face partition tile with 24.3 per cent core 
area, and 8 by 8 by 16 in. 3-oval core oscillated face block with 40 
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Fic. 3—-ARRANGEMENT OF APPARATUS FOR RAIN RESISTANCE TESTS 


per cent core area. Both lightweight and heavy types of aggregates 
were used. The block mixes varied from 1:6 to 1:11, based on dry 
rodded volume aggregate measure. There were 4 aggregate grading 
fineness moduli between the limits of 3.50 and 4.50. Mortars included 
1:3 lime, 1:1:6 cement-lime, and 1:0.25:3 cement-lime. The mortar 
sand graded 2.42 rm. Most of the walls were built with face shell 
bedding, but some had full mortar bedding. 


The block and tile units were made in commercial plants in power 
tamper, stripper machines. All except the oscillated face units were 
steam cured 24 hours, then stored in air under shelter. The oscillated 
face units were made in a different plant which did not have steam 
curing facilities. These units were damp cured 3 days, then stored in 
air under shelter. The machine for producing the oscillated face 
units was of a standard stripper type having oscillating plate attach- 
ments in the mold box which produced a trowelling effect on the face 
shell simultaneously with the tamping. 


Four walls were built of sand and gravel water-eroded face units. 
The water-eroding treatment was accomplished with a fine garden 
hose spray applied to one face shell just before the concrete took its 
initial set and consisted in effect of washing out the cement and fine 
aggregate on the surface, leaving the coarse aggregate exposed. 
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Fic. 4—ARRANGEMENT OF ELECTRODES 


Wind and Rain Apparatus 


Fig. 3 to 5 inclusive show the principal details of the apparatus 
developed to produce the simulated rain condition to which the test 
walls were exposed. The wind velocity was accurately measured as 
25.3 miles per hour by a precision anemometer. The rain intensity 
used for the unpainted walls was 21% to 3 in. per sq. ft. per hour. In 
testing the painted walls, this same intensity was used during the 
first 12 hours of the test, after which the intensity was increased to an 
accelerated rate of 12 to 14 in. per sq. ft. per hour for a second 12-hour 


EE 
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Fig. 5—WIND AND RAIN 
DUCT SHOWING WATER 
SPRAYS AND AIRPLANE 

TYPE PROPELLER 


period of the 24-hour test in an effort to obtain failure. These intensi- 
ties represent the actual impringement against the test wall as deter- 
mined by frequent calibrations. ‘The spray discharge was consider- 
ably greater but some water was lost in the duct and around the side 
of the wall. 

The weather bureau records of excessive precipitations indicate 
that intensities of 214 inches or greater seldom exceed 60 minutes in 
duration. The test walls, therefore, were subjected to a rainstorm of 


considerable severity. 


Method of Measuring Wall Performance 

Rain penetration through the face shells and back face of the test 
wall was detected by frequent visual examinations supplemented by 
resistance readings resulting from passing constant voltage current 
through copper strip electrodes of which there were three series 
arranged in the core spaces back of the exposed face shells and three 
series on the back face of the wall. (See Fig. 4). Initial resistances for 
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the dry wall ranged from 200,000 ohms to 5 megohms, but these 
dropped abruptly when, any one electrode in a series became affected 
by moisture. A reduction to 5,000 ohms or less definitely indicated 
that the concrete had become visibly damp somewhere under an 
electrode in aseries. Readings as low as 500 to 100 ohms were obtained 
as the concrete became wetter. Since each set of electrodes was con- 
nected in a series, a damp spot under any one electrode registered 
failure for the entire series. 


Test Procedure 

There were duplicate sets of rain and wind apparatus and usually 
two walls were tested simultaneously. Before the rain and wind were 
turned on, initial electrode readings were taken of the dry concrete. 
After the test was started, readings were taken and visual examinations 
made as frequently as conditions required, usually at five-minute 
intervals for the first hour and 10 to 30 minute intervals thereafter, 
depending on the performance of the wall. 

Each test was continued until appreciable damp areas appeared on 
the back face and the back face electrode resistances registered failure, 
except that in the case of the painted walls, the test generally was 
discontinued after 24 hours (12 hours, 214- to 3%-in. rain; 12 hours, 
12- to 14-in. rain), even though the wall had not failed. A few speci- 
mens were tested for longer periods in an effort to obtain failure. 


The recorded observations included the electrode resistance read- 
ings, the time of exposure required to produce initial visible penetration 
of the face shells and back face, and also the sources of leakage as 
nearly as could be determined. The endurance period of the wall was 
taken as one-half the sum of the time intervals required for the first 
two back face electrode failures. The average of the three electrode 
series was not used because frequently one of these would hold out an 
unreasonable time because of the erratic nature of back face leakage 
as to location. 

PERFORMANCE OF WALLS 


The test results indicated that the various walls divided into two 
performance groups: the unpainted walls showed relatively low 
resistance to rain penetration in comparison with the practically 
impervious qualities of the painted walls. 

Leakage was observed to take place through (a) the mortar, (b) 
the joint between mortar and masonry unit, and (c) the concrete of 
the masonry unit. 

Face shell penetration was largely due to the dynamic action of the 
wind and rain while penetration of the back face appeared to be a 


—--_ 
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process of forced permeation and capillary absorption influenced by 
the qualities and peculiarities of the materials and construction of the 
wall. Initial penetration occurred at the weakest points of the wall in 
time intervals which were frequently inconsistent with the average 
properties and resistance of the wall. In general, the performance of 
the unpainted walls appeared to be greatly influenced by any small, 
presumably unimportant, defects which were present in either the 
units or mortar joints. The performance of the painted walls was 
largely determined by the effectiveness of the paint coatings. 
Unpainted Walls 


Considering the 8-in. unpainted walls, the initial penetration of the 
face shells usually occurred in 5 minutes or less and proceeded with 
such rapidity as to cause pools of water to form in a relatively short 
time in the core bottoms on the concrete pallet. The initial visible 
penetration of the back face was noted in from 10 minutes to 1 hour. 
Endurance periods, based on the failure of the first two back face 
electrodes, ranged from 15 minutes to 2 hours, 47 minutes with plain 
face block;from 1 hour, 18 minutes to 5 hours 10 minutes with oscillated 
face block made of light-weight aggregates; and from 18 minutes to 1 
hour, 15 minutes with water eroded face sand and gravel block. 

The walls built of 4 inch partition units leaked even more rapidly 
than the 8-inch walls, initial visible penetration of the back face 
occurring in from 3 to 5 minutes. 

The results did not show any consistent differences of practical 
importance which might be ascribed to the variations of concrete mix, 
aggregate grading, or to the use of lightweight aggregates as compared 
with heavy aggregates. The oscillation of the face shells of the units 
made with lightweight aggregates retarded and reduced back face 
leakage. The water erosion treatment of the face shells of sand and 
gravel units seemed to facilitate leakage somewhat. 

In most cases, the mortar or joint between mortar and unit leaked 
first but leakage through the concrete face shells frequently followed 
closely, especially with the more porous concretes. The mortar joint 
proved to be such a consistent source of early leakage that it tended 
to obscure the effects of other factors. An attempt was made to check 
the performance of selected walls previously tested with unpainted 
surfaces by retesting after painting over the joints on the exposed face 
but leaving the block face unpainted. The volume of leakage was 
reduced but early joint leakage was still an important factor. It 
appeared that moisture penetrating the concrete surface gravitated 
downward to the joint where it found an easy path to follow into the 
core space. 
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The effect of varying the types of mortars and joint construction 
was investigated in some walls built of lightweight aggregate concrete 
units. There was little difference in the results between the different 
walls. Possibly variation of mortars and joint construction would 
have had more pronounced effects if a denser, more impervious type 
of masonry unit had been used and no general conclusion was drawn. 


Painted Walls 


All walls in this series had been previously tested with unpainted 
surfaces. The paint used was a mixture of water and a commercial 
brand of white waterproof portland cement. Paint to be applied with 
a brush (a brush with short stiff fiber bristles was used) was mixed 
in the proportions of 1.6 pounds cement to 1 pound water. Paint to 
be sprayed on was mixed in the proportions of 2 pounds cement to 1 
pound water. All except four walls were given two brush applied 
coatings. Two walls were given one brush coat and tested and then 
later retested after having received a second coat. Two wails were 
spray painted using standard spray equipment. The paint and air 
line pressures were 15 and 35 pounds respectively. The nozzle was 
adjusted to throw a conical spray which was directed at different angles 
onto the masonry. 


Good workmanship was used throughout in all painting so as to 
cover the surface effectively and fill the voids. Each coat was applied 
on a damp base and was damp cured two days. At time of test (14 
days after application) no crazing was noted in the brush applied 
coatings; a slight amount had developed in the sprayed on coatings. 

The painted walls were subjected to 12 hours 2¥%- to 3-in. rain 
intensity and 25 m.p.h. wind followed by another 12 hours 12- to 
14-in. rain intensity and 25 m.p.h. wind. 

‘None of the 8-in., 2-coat brush painted walls showed any back face 
leakage. In no case was leakage through the face shells sufficient to 
cause pools of water to form in the core bottoms. The minimum 
time for initial penetration of the face shell was 2 hours, 45 minutes, 
and usually 4 hours or longer was required. Two walls showed no 
face shell penetration at the end of the 24-hour test. 


One of the two walls tested with a single brush coat of paint failed 
by leakage through the back face in 22 hours 35 minutes. The other 
wall did not develop back face leakage. Both walls, however, showed 
greater penetration than when retested after receiving the second 
coat of paint. 

In a test of one of the walls built of water eroded face units with 
two coats brush applied paint, sufficient penetration occurred as to 
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be on the point of breaking through the back face at the end of the 
test, thus indicating that the water eroding treatment has a slight 
detrimental effect, even in the case of painted walls. 

The 4-in. walls brush painted two coats performed satisfactorily. 
The initial face shell penetration, as determined by the first electrode 
failure, occurred in from 1 hour 45 minutes to 4 hours 45 minutes but 
in no case did it progress sufficiently to cause pools of water to form. 
in the core bottoms. The first visible leakage through the back face 
occurred in 2 hours 30 minutes at a joint in the worst case. For the 
other walls in this group, no back face leakage was observed to take 
place in less than 4 hours 45 minutes. 

The wall with two coats of sprayed on paint developed face shell 
penetration in 25 minutes and the first visible back face leakage in 45 
minutes. These time intervals for the walls with three coats sprayed 
on were 55 minutes and 4 hours 15 minutes respectively. The sprayed 
on coatings appeared to leak through a comparatively few pin holes 
which seemed to be inevitably left in the paint in spite of the use of 
coatings so heavy they tended to run. 

Stuccoed Walls 

One wall with 3 coats of portland cement stucco (1:0.25:3 cement- 
lime mixture) applied on lightweight aggregate concrete block was 
tested. It showed no signs of face shell or back face penetration after 
219 hours of continuous testing consisting of 166 hours with the 244- 
to 3-in. rain intensity and 53 hours with the 12- to 14-in. rain intensity. 

CONCLUSIONS 

The results of the tests completed to date point to the following 
conclusions pertaining to the rain resistance performance of concrete 
masonry when subjected to hard driving rains of similar intensity and 
duration to that employed for test purposes. 

1. Walls properly painted with two coats brush applied waterproof 
portland cement paint will show no penetration through the back 
face and any penetration of the exposed face shells will be inconse- 
quential. It would seem that existing unpainted concrete masonry 
structures could be effectively waterproofed with paint as well as 
new construction. 

2. Good workmanship and proper methods are important factors 
in obtaining the full efficiency of paint coatings. Appreciable moisture 
will be admitted by small pin holes or breaks in the paint. 

3 One coat of paint will greatly increase the rain resistance of 
unpainted walls but will be less effective than two coats. Two coat 
work is to be preferred over one excessively thick or double coat as 
the latter will have a greater tendency to craze. 


494 JourNAL or THE AMERICAN CoNncreETE InstITuUTE—Proceedings 


4. The sprayed-on coatings were less effective than brushed-on 
coatings thus indicating the need for further development in the 
technique of spray painting. 

5. Considering unpainted walls, the initial penetration of the 
exposed face shells will occur in 5 minutes or less, usually appearing 
first at the joints, and will progress with sufficient rapidity to cause 
pools of water to form wherever the core spaces are blocked off. 
Initial back face leakage will appear in one hour or less and will 
become widespread, usually in 2 hours or less. 

6. Since the joints were a consistent source of early leakage in all 
of the unpainted wall tests it appears that the quality of impermea- 
bility in the units alone will not insure a rain resistant wall. 

7. The performance of the stuccoed wall was noteworthy. It 
showed no signs of water penetration after 219 hours of continuous 
exposure ‘thus demonstrating the practically impervious qualities of 
properly applied portland cement stucco on concrete masonry. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journau for Sept.-Oct. 1936. Discussion should 
reach the Secretary by July 1, 1936. 


ANALYSIS OF MULTIPLE SPAN Ricip FRAME BRIDGES 
BY THE SLOPE DrFLEcTION MEtHop* 


BY GEORGE A. MANEYT 
MEMBER AMERICAN CONCRETE INSTITUTE 


PURPOSE Oe) PAP R 


1. To present a concise and workable analysis for one-, two- and 
three-span continuous concrete rigid frame bridges by an adaptation 
of the slope deflection method. The author first presented this method 
in general form for members with a constant moment of inertia in 
1915 (see Engineering Studies No. 1, University of Minnesota). 

2. To present several complete numerical solutions for the statically 
indeterminate moment distribution which results with one-, two- and 
three-span rigid frame bridges made up of members having a variable 
moment of inertia using the method of analysis of Par. 1. 

3. To present calculations and discussions regarding certain as- 
sumptions made in the solution of these illustrative examples of Par. 2. 

4. To propose an analysis based on the use of construction joints 
designed to eliminate the high stresses resulting from temperature 
changes and rib shortening in the multiple span cases. 


STATEMENT OF FUNDAMENTAL SLOPE DEFLECTION EQUATIONS 


The general equation for members of constant cross section first 
presented in 1915 was in the form 


2ET 
Ww = 23 Ey Ge “7, (bRas DO — "OR Mii Boe iiss Sepenis aetes (a) 


Maz = Final bending moment at the end A of any member AB. 

MF yu, = “Fixed beam’ moment at same point which results from 
transverse loading applied to member when the ends are 
fixed against rotation (04 = Og = 0) and when the line 
between ends of axis of member is not allowed to rotate 
(Rap = 0). 


Product of modulus of elasticity and moment of inertia 
of member divided by its length. 


I 


al 
L 


+Professor of Structural Engineering, Northwestern University, Evanston, Ill. 
*Received by the Institute Secretary, January 6, 1936. 
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Fig. 1—LoapD AND BFAM COEFFICIENTS FOR PARABOLIC SLAB 
SPAN MEMBER OF RIGID FRAME BRIDGE 


Fig. 2—LoapD AND BEAM COEFFICIENTS FOR PIER OR VERTICAL 
MEMBER OF RIGID FRAME BRIDGE 
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An examination of this equation shows that the final end moment 
is obtained from the fixed end moment by adding a correction in 
terms of 4, Op and the rotation of the member as a whole, Rag. This 
fundamental idea of using fixed beam moments as a starting point for 
corrections to give the final bending moment in rigid frame analysis 
had its inception in the “slope deflection” method. 


Moment distribution is a function of relative stiffness, so the form 


Mig = Mant Run shape — 20a Opies ea. sc leeks se (b) 


: I 
is the more workable form where K 4, is a relative Fa quantity, assum- 


3 
ing 2F constant throughout. Kuz is generally the value of ~ fora 


reinforced concrete beam AB where the width b and the depth d may 
be used in inches and the span L in feet. It is convenient to call this 


3 
K value for the member having the smallest - value unity, and di- 


3 
viding other As values by the smallest one to get the relative K values 


for other members of the frame. 
When there is no rotation of lines between ends of a member in a 


rigid frame bridge, as when “‘side sway”’ is prevented in unsymmetrical 
loading, Equation (b) takes the following form 


Map = + MF ap — Kap [204 + Oz] ROSE LOL TEE ee ocr ee (c) 
The more general form of Equation (a) would be 
Map = + M?¥'a4p — Kap[(CanOn + C'as@p —(Cap + C’ap) R)......... Gio 


In this form the ‘slope deflection’? method is applicable to members 
of varying cross section, that is, with a variable moment of inertia. 
When “side sway” is prevented, the general equation (d) takes the 


form 


Man = + MPap — Kap [Csp@4 oa C' 4303] eee ie ce ec wt th) SeUAMaL ages atone pOeeEE (1) 


PARABOLIC SLAB SPAN MEMBERS 


The fixed end moment M?’,; in Equations (d) and (1) for parabolic 
slab members may be computed by the formula 


5 TES PION LLM ONE LG Sj LN TO (2) 


*'The Modified Slope Deflection Equations,” by L. T. Evans, Proceedings, A. C. I., 1932, page 114, 
gives a prior statement of equation (d). The writer has developed it independently from the original 
equations for ‘Slope Deflection” as stated by him in 1915 and has used a slightly different form con- 
sistent with the original statement. Mr. Evans also published these equations previously. 
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= 
| 


= weight per foot of slab at center of span 
w, = uniform live load per foot of slab span 

= concentrated live load at span center only 
Constants C4z, C’az, ky, kz and ks of Equations 
(1) and (2) may be taken from Fig. 1. 


v 
| 


: : bd? 
Kap is found as before, except the center depth is used in the 


equation. M*,z is changed to M?’,4z, and the standard coefficients 
of one-twelfth for uniform load and one-eighth for concentrated load 
no longer apply, but values of k;, k; and ks for dead load, uniform live 
load and concentrated center live load, respectively, must be taken 
from the diagram of Fig. 1 for the design value of “r,” which is the 
ratio of maximum to minimum depth for any member of varying 
depth. The coefficients k,, k; and k; eliminate the need for determining 
these values with the help of influence lines. It should be noted that 
the concentrated load is placed at center span because the depth is 
minimum there. Somewhat greater ‘fixed beam’? moments can be had 
by moving this load away from the center slightly. Caz takes the 
place of the coefficient 2 for 04 in Equation (c), and C’az the place 
of the coefficient 1 of Og. It will be seen that all values of k and C in 
the diagram of Fig. 1 have the well known values for constant moment 
of inertia case of Formula (c) when r = 1. 


PIER MEMBERS 


For the pier or post member with constant moment of inertia, 
Equation (c) takes the more convenient form of equation 


3 
Map = = M¥az — Kap X 2 SF OE ee Top re om eo ae oe Cite f (e)* 


This equation applies to members with a constant moment of inertia. 
This is a convenient form to use for a member where one end (bottom 
of pier member) is assumed to be hinged or to have zero bending 
moment under all conditions. The moment at the end A can then be 
expressed in terms of 0, only instead of both @4 and Og. The number 
of joint equations is thus reduced by half for the rigid frame bridge. 
The more general expression for the case of the member of variable 
moment of inertia fixed at one end and hinged at the other would take 
the form 

Map = = M¥e — KasCar0a oo. oe ee ee (3)* 


where My, is the final end moment at A of member AB (shaped as 
shown in Fig. 2). The “fixed end” moment in Equation (3) may be 
computed by the formula 


*M¥asand M’’4z in equations (e) and (3) are fixed end moments at A when 4 is fixed and B is hinged. 
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Cap (EIz) & 
Tega a nt ee re ee 
w, = Lateral earth unit pressure at A end of member 
we = Increase over w, of the lateral earth unit pressure at 
B end of member 
w, and w, = Total earth pressure at bottom of member 


EIg = Modulus of elasticity of concrete X moment of inertia 
3 


1 | pounds x inchest 


L = Length in feet 

A = Lateral displacement of top of pier in feet due to 
changes in lengths of slab span caused by temperature, 
shrinkage, ete. 


MF" az ca kw, L3 + k’ owl? + 


3 
Kas = Relative “value and d is depth of small end of 


member 
Constants C’’4z, k’,, and k’, may be taken from Fig. 2. 


SIGN CONVENTIONS 


The rules for signs observed in this discussion are as follows: 

1. Any bending moment at the end A of a member AB which tends 
to rotate the joint A in clockwise direction is considered positive. If 
it tends to rotate the joint A in a counter-clockwise direction, it is 
considered negative. * 

2. Any joint rotation angle such as 0,4 which occurs where all the 
member ends at the joint A rotate in a clockwise direction from their 
original positions is considered positive. If the rotation is in the 
counter-clockwise direction it is considered negative. 

3. These signs are operative only while solving for moments at the 
joints. It is a desirable procedure to plot these moments on the side 
of the axis of the member on which tensile deformations take place. 
When this is done the location of critical sections for steel reinforcing 
in reinforced concrete frame members is facilitated. 


DEVELOPMENT OF RIGID FRAME BRIDGE FORMULAE 
Case 1—Single Span Rigid Frame. (See Fig. 3 and 4 for notation.) 
Using Formulae 1 and 3, write moment equations for members AB and Aa 
Mas = + M¥'lazp — Kaz (CazOa + C’s20z] 
Mag = © MPlaa — Kae [C"s.8,] 


*If it is desired to use the convention where a plus sign is given to a clockwise tendency of moment 
to rotate member then all signs in the solution of rigid frame equations may be changed. The result 
will of course be the same. 
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RIGID FRAME CONSTANTS 


roe 1&2 


ie 
Cat Keb =!10.0 


FROW| Ky = 143( WT. SLAB) 
FIG.11 Ks = 108 (UNIFORM LOAD) 


Mf, = .143(250)(62)? 

+.108 (45)(62)?= 

= 156,100-EQ.2 
_On= 150,100276.2=20504Q5 


Mas =156,100-1.0(9.6-7.4)(2050)= +151,G00£Q.1f>7 "Ms" b(295)60197.75(4390) 


; 200 
das -10.0(7.4)(2050) =-151,500£03K7 ; ‘ 
Ms=SIMPLY SUPPORTED BEAM MOMENT rear yeaa 


LOADING DUE TO SLAB-WT. PLUS 45#/9 


FROM | k3=.108 (UNIFORM LOAD) 
FIG.1 | ks=.182 (CONC. CENTER LOAD) 
Mea = 108 (9062) .162(2500}6) 


x= 65,6007 16.27 662-EQ,5 
Ms=#(2500)(62)+8(90)(62)" 


Map=65,600-1.0(9.6-7.4)(862)= + 63,700-EQ.1 = 61,900 
\ Mase Fanart s) MN - 71 Mc= 81, 900-63,900= 18,000 


Ms= SIMPLY SUPPORTED BEAM MOMENT 


LIVE LOAD 


FROM ies PRESSURE AT TOP) 


FIG.2 | ka=. O82(INCREASE IN EARTH 


PRESSURE AT BOTTOM) 
1@3(300)(15.25)* 
15,100 +.082(457)(15.25)* 
=-20,100 -EQ.4 
Map = -1.0(9.6-1.4)€264)=+580 64 =~20,100+76.2=-264-£Q.5 
Maa=-20,100+410.0(7.4)(264) =-570 Ms =(530)(15,25)*=8=15,400 
Mc=15,400-$(G00)=15,100 


EARTH PRESSURES 


ze 


ate 
5,000-£9.4 


~1.0(9.6-7.4)(1540)=-16,6004 EDys 022 
| Maa =575,000-10.0(7.4)(7540)= +17,000 | ; 


TEMPERATURE AND RIB SHORTENING 


Fig. 3—SoLUTION OF SINGLE SPAN RIGID FRAME BRIDGE— 
CLEAR LENGTHS OF MEMBERS 
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PO LCA MO) & ; 
Cas= 10.3 
met FROM 
Cree ueias NET 
Cha= 8.3 i 
Kas= 1.0 
Kaa* Kove 9.1 


r RIGID FRAME CONSTANTS 


im te FROM[k, = .14G(WT. SLAB) 
Wc 149.670 FIG.I] ka = .109(UNIFORM LOAD) 


Mis = .109(45)(5)? 
+146(250)(05)* 


=7245-E0.5 
vies 174,960-1.0(10.3-8.0)(2245):+169,740- EQ. (295)(65)+8.25(5010) 
Maa = -9(8.3)(2245) =-169,500- EQ. 
YM =SIMPLY SUPPORTED BEAM MOMENT 


LOADING DUE TO SLAB-WT. PLUS 45 #/° oT, 


neta 109(UNIFORM LOAD) 
ct I ]ks=.183 ee ei rae 
2 Mis = .109(90)(65)*+.183(2500)(65 
coh] se STIs a. 
i MW, 150+77.8=91G-EQ 
= 4(7500)(65) +s (90) (ene 


ays 71,150- {.0(10.3-8.0)(916)=+69,050-EQ.! 100 
9.1(8.3)(91G) =-69,100-FA37 Mc: 88,100-69,075=19,025 


LIVE LOAD 


en =,166(EARTH PRESSURE AT TOP) 


ki, =.084(INCREASE IN EARTH 

PRESSURE AT BOTTOM) 
J Mia= .166(232)(17. Jie 

16,555 +084(525)(17.5)? 


= 25,300-EQ.4 
=1,0(10,3-8.0)(325)--148- : 64 =75,300271.62325-£Q.5 


rie = 25,300- 9.1(8.3)(325) “+750-EQ.34 yr. (495)(11.5)= B= 18,930 
Mc=18,930-7(750) = 18,555 


FIG.2 


ME = 63(sx08(09? ll, 
x = 497.000-EQ.4 ie) 
@4:492,000:718+6330-EQ.5 


“1, 0(10,3-8,0)(6830)=-14.550-fa AC ASSUMED) =.022 


Mas 
Mas =492,000- -9,| (8.3)(6330)=+14,000-EQ.3 


TEMPERATURE AND RIB SHORTENING 


Fig 4—-SOLUTION OF SINGLE SPAN RIGID FRAME BRIDGE— 
CENTER TO CENTER LENGTHS OF MEMBERS 


502 


r- VALUES 


r-VALUES 


Fia. 


r- VALUES 


hoa EUIES 


Fia. 
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| 
PARABOLIC CURVE 


FIXED BEAM MOMENTS IN THOUSANDS OF FOOT LB. 
~_10 15°27 Oe 5d Omens Sina 0 eee ee) GO _65 


‘VEE BAay Awa 
AA 


LA frig 
Z| A | 


aa ey 
Rann 40 29-292 


— 
Za 


Pere 


Did Eee 


10 5 ABS OSS 160" 65 


MOL yo 
AP RPARP RSPAS ae! 
Dn we 4 rea 


POUL 
/ DA AA Sh 0 ener dt 


FO ASAE EEE 
Ph peo tL 


70__15 


10. 75 


5—FIXED END MOMENTS FOR PARABOLIC SLAB SPAN MEMBER 
CAUSING MAXIMUM CENTER MOMENT FOR TRUCK LOADING 


32,000], 50 
9 i 
VY AXLE LOC 


FIXED BEAM pega ies uae ahage “OF FOOT LS. 
10. 15 25 40 45 55 60 65 


AEE SkunD 


M 
OS 
cn 
a 
4a Pee laslatal 
Semin see LL 
I Vizier 


0 10 Sy OnE EE Vth Za ER rp) 


15 


COE 
ape beeps crane EE AS a 


TO ES 


6—FIXED END MOMENTS FOR PARABOLIC SLAB SPAN MEMBER 


CAUSING MAXIMUM END MOMENT FOR TRUCK LOADING 
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For equilibrium at the joint A the sum of the final moments around this joint must 
equal zero, or Maz + Ma. = 0. Therefore 


s& MF' ap sk MF’ 4, — Kap [Cas04 + C’a3O5] Bt Kas [C4284] 


Let |= M?'ap + M?'4, = + 2 M¥’4 = the algebraic sum of the fixed 
beam moments at Joint A (the unbalanced moments tending to rotate Joint A). 


Let Kaz = 1, from symmetry 04 = —Og. Then 
1s hi A ita A Cae alee 
A On Sate SR lt ee (5) 


PROCEDURE IN NUMERICAL SOLUTION 
(a) Determine relative K values for different members. In case shown in Fig. 3. 
KAR KGa ote (since b = 12 inches), 
62 15.25 
Assuming Kap = 1, relative Ka. = 10. 
(b) Obtain constants C, C’ or C” from Fig. 1 and 2 using the proper r value. In 


54 4 
this case r for slab span member = 20 2.7. r for leg member = = = 2.0. 
(c) Calculate value of M?’. This is done by taking proper k coefficients from Fig. 
1 and 2. Using these k coefficients, calculate the “fixed beam” moments as is in- 
dicated in Equation (2) and Equation (4). It is here noted that the effect of rib 
shortening (secondary stress case) may be treated like other loadings where the 


” 
Cats is the fixed beam moment induced at the top end of the post 


when the bottom is hinged and the axis of the post is rotated through an angle whose 


value of 


A 

tangent or whose radian is Z 

(d) All moments calculated in foot-pounds. Complete numerical solution of 
single span rigid frame bridges is shown in Fig. 3 and 4. 


~ Case 1a—Single Span Rigid Frame Bridge Truck Loading. 


Some specifications require that bridges with spans of 60 ft. or less shall be designed 
for a truck loading with axles spaced on 14 ft. centers. Fig. 5 and 6 will be found 
very useful in such cases. Fig. 5 is so constructed that, for given values of r, the 
“fixed beam moments” M¥’4s and M¥’p54 may be read directly in thousands of foot- 
pounds, the load being in position to give maximum center moment. 

Fig. 6 gives the fixed beam moments M?’45 and M?’p directly, for given values 
of r, in thousands of foot-pounds, the loads being in position to give maximum end 
moments. : 

The diagrams have been drawn for_an H20 A.A.S.H.O. truck having 80 per cent of 


50 
L + 125 
and the load has been distributed over a 9-ft. lane. H15 loading may be computed 


its load on the rear axle. To this has been added the specified impact | 1 + 
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Mip=+26,500|FROM 

M5,=- 26,000] F1G.12 
a 15" at-b?= 2490-5G6=2434 

a ap - DMba 
SIMPLE BEAM MOMENT DIAGRAM Ur at- 
35,800'% = 49.9(26,500)-7.5626,000). , 6 44 
Ft F 3 

65: aMsa-bMas 


ai- 2 
-49,9-26,000)-7.5(26,500) _¢1¢ 
7434 ‘ 


hk = +26,500-91(+ 624)-1.5(-G16)0+28-070- EQ. | A 

Nite -49(8,2) (624) : 7 25,050-60.3 USE 25,050 
Meat -20,000-91(-G16)-7.5(+624)=- 24,71 

Mee: -4.9(8.2)(- 616) }use 24,700 


MAXIMUM CENTER MOMENT 


) : 
AK W715 Mke= 32,700) FROM 
M&,=-17,200] FIG.2a 
10.5" ste 14,0" 53) , 49.9(052,700)-7.5 (17,200) 
ey 


8 =+714 


49.9(-17,200) -7.5(+32,100) 
Ope asd ee ere 


EQ.! 
Maa = -4.9(8.2)(+724) os RASS 29,110 


Meaz-17,200~ 9,1 (-454)- 7.5 (+124) =-18,220 
Mop = ~4.9(8.2)(-454) Se Lez 


MAXIMUM END MOMENT 


Fig. 7—SoLUTION OF SINGLE SPAN FOR TRUCK LOADING 
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Fia. 


TT ea 


MOMENT DIAGRAMS 
FULL LINES - FOR NO SIDESWAY 
DOTTED LINES-WITH SIDES WAY 


SOLUTION-NO SIDESWAY 


+65,600-1[9.6 0, + 7.4 08]: +65, 600-[9.6(+1555)+7.4(- 923)] 


515090 


-5[ 7.4 84] : -5 (7.4) (+}555) 


=-57,500 


Maa=-65,600-1[9.665+ 7.4 a]=- 65,000-[9.6(-923)+7.4 (+1555)] 


-10(7.4)(-923) 


JOINT A: 46.6 64+ 7.4 68=+ 65,600 
JOINT B: 7.4 01 783.668=- 65,000 
SOLVING: €@5=-923 
AND Oa=+1555 


8—SoLuTION OF UNSYMMETRICAL FRAME FOR LIVE LOAD 


505 
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Ms=5 (90)(65)*=47,500 


M'= SIMPLE BEAM MOMENT AT 
CENTER OF DIVISION. 

Y= VERTICAL DISTANCE FROM 
DIVISION CENTER TOH-LINE ~ 
(KB) BETWEEN COLUMN 
BOTTOMS : 

d= DEPTH OF EACH DIVISION 
AT CENTER (HEAVY LINES) 

S= LENGTH OF EACH 
DIVISION ALONG AXIS 


Mas=!7.5H 


233.5 
18.890 212.5 
8. 839 174.0 
18. 761 131.5 

18. O57 95.2 
18. 532 66.0 


; 
34,600] 18.532 | 2. 


i) 


WI} 1 y 
Nlo}u}y 
Nile|lw)|~ 
B 


OLY} wl]wlw]w 
Sons aaa 
ilo 25 


Ww 


18. 374 | 342.0 48.2 
18.193 | 331.0] 37,800] 29.7 
17. 982 19.5 
11. 744 13.0 
17. 500 ee ; 
13. 425 (266.0. os eal ; 
OS i ee 
Os aes Oe 
PC Se eee ee 
MES Pia es 
Z= 2,274,750 =1,051.0 

FOR NORMAL CASE OF HORJZONTAL 
EXTRADOS (RISE =18.92) 


5 ECG LEY 0} 
He O8.Orr eee 


rg 
. 
N]w 
| 
Wo] & 
o|o 


So 
ao 
Oo 
iJ 


23,200 | 181 950|N0: 


— 
~r 


me pee 
@ 
nn 
|. 
n|> 


wn 
» 
Oo 
n 


SO Ska lyyauereeeee 
437,000,000 34,100 

“H =.022% 34,200 =7153 
Ma= 753%17.50=13,200'# 


Fig. 9—SoLuTION OF SINGLE SPAN BY TWO-HINGED ARCH METHOD 
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SOLUTION - ASSUMING CLEAR LENGTHS 
CONSTANTS: Cap = 9.6,C an? 7.4, Cha 7-4, Kaat ois ( 22)= 10.0 
, Mage ky WoL? = (.108)(90)(62)? = 37,500 


Mi 50 31,500 
Se eciers GOL eTE TETAS IOONT: 1e7" 492 


sohiarir Ma = +37,500 ~(1.0)[9.6-1.4] (492) = +36,420 
Maa= -(10.0)(7.4)(492) = - 36,400 

H= 36,400 +15.25 = 2390 
M-CENTER = Ms - Mas =43,200 - 36,400 = 800 


Mg= ELM 47,500 


pene SOLU HON. -ASSUMING CENTER TO CENTER LENGTHS 
CONSTANTS: Cap=10.3, C'sn=8.0,Caa®8.3,Kaa PE (#.)- 9) 
Mis=ks WoL? =(.109)(90)(65)?= 41,400 


AP Se ee TO SE ONS)" ps 
O° CT tae- Cian] #Kaa Cae - (10,3-8.0)+ (9.1183 ate 532 


Mae: 41,400-(I. ae 8.0] (532) = + 40,180 
Maa = - (9.1) (8.3)(532) =- 40,200 
H= 40,200+11.5= 2, 297 

M-CENTER = Ms-Mas= 47,500-40,200= 1,300 


Fic. 10—CoMPARISON OF COMPUTED MOMENTS USING CLEAR 
SPAN AND CENTER TO CENTER LENGTH 
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MOMENT MOMENT|MOMENT 


METHOD 
OF 
ANALYSIS 


GASE 
(UNIFORM LOADING OF 90# PERSQ.FT.) 


RIGID FRAME 
[ MEMBERS 
Aa€ AB] 
_ CLEAR 
S PANS 
USED 


SAME AS 
“ABOVE 
EXCEPT 
CENTER TO | 2297* 7300'#|35,100'#135,900 
CENTER 

SPANS 
USED 


CHECK MET 
FRAME WITH 


| STANDARD 
2 HINGED 
ARCH 
ANALYSIS 
HORIZONTAL | 2303 *| 7200'*135,500'#| 36,240% 


MEMBER 
STRAIGHT 
(1@ DIVISIONS 
33,000 31,910'* 
2035# 31,000¥] 31,910'% 
SAME AS 
his 1926*| 5590'8 
AT CENTER= 
21.76! 
CAMBER=4.26 


NO CAMBER 
Fig. 11—CoMPARISON OF RESULTS OF RIGID FRAME AND ARCH ANALYSIS 
FOR VARIABLE CURVATURES IN SLAB AXIS 


a 


SAME AS 
ABOVE 
EXGE Pit 


RISE 
AT CENTER: 
18.92' 
CAMBER=1.42 


AT CENTER= 
20.34" 
CAMBER=2.84) 


29,400 *|30,260% 
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8 
by taking “7 of values as given, or if different lane widths are used the loading will 


be in direct proportion. 

ite in the case of a symmetrical pin ended frame with parabolic slab span,:we apply 
Equations (1) and (3) to joints A and B (@,4 does not equal 9g due to dissemmetry 
of load) we find 


a MF’ ap — 0b MF'pa 


oa pees 
a MF’s, — b MF?’ 
Op = Se Sa 


a = Kaa Cac + Caz and b = C’az 
When using these equations, Kus (relative J/L of parabolic span member) must 
be computed at center of span and made equal to unity. 
A complete numerical solution for truck load is shown in Fig. 7. Dead load, earth 
pressure, temperature and shrinkage would be computed as shown in Fig. 3. 


UNSYMMETRICAL SINGLE SPAN 


The method of solution to be followed where abutments are of different height is 
shown in Fig. 8. Since @4 does not equal Oz in this case, Equation (5) does not hold. 
The numerical solution shown is for the case of uniform live load with single con- 
centration at center for no side sway. Moments for other types of loading would 
follow the same general procedure. Side sway was computed for this case and is 
indicated to scale by dotted line on the figure. Note that the positive moment is 
unchanged. A comparison with Fig. 3 will show the end moment at A is somewhat 
less, and at B slightly larger. 


EFFECT OF CAMBER AND CHOICE OF SPAN LENGTH 


In Fig. 11, in tabular form, are given the results of an analysis of six different frame 
conditions. This study is given to illustrate the effect of the assumption as to span 
length and the effect of camber. 

Uniform loading of 90 lb. per sq. ft. is used in all cases. Uniform loading was 
chosen as it gives a moment distribution between that of concentrated center load 
and dead load increasing toward ends of slab member. 

Cases A and B were computed by methods of this paper and are shown in Fig. 10. 
The calculations in Cases ( to F were made by the standard two-hinged arch method, 
using 16 divisions, as shown in Fig. 9. In two-hinged analysis full etfect of camber is 
considered. In the method of this paper the axes of members are treated as straight 
lines. By comparing Cases A and B with Case D it is seen that Case A, using clear 
span, gives the critical center moment more accurately than does Case B using center 
to center span. Case B gives a better value for the less sensitive moment at top of 
post or at edge of clear span. All values of Cases A and B are on the side of safety. 
For design purposes, the moment at the face of abutment is required, and since the 
clear span solution gives this directly without interpolation, it is preferred. 

Design on the basis of side sway prevented is on the side of safety since the larger 
end moment would be slightly decreased if side sway were considered. Arching of 
the slab axis tends to decrease all moments. The reduction due to arching will be 
greater than the increase due to side sway. It is believed that neglect of these two 
effects is unimportant and that such refinements are not justified. 
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FROM 
C Fig. 


c 


FRAME DIMENSIONS 


138,300 169,900 


22,100 


RIGID FRAME CONSTANTS 


eee 9.6 Cha: 7.4-FROM FIG.2 


C'np= 7.4 Cap = 1.5 (STRAIGHT MEMBER 
Kas=1.0 Kaa= Ksp=10.0 


AND LOADS 


Ms = 176,200] ¢, 

Nieeercn SEE See 
156,100 __ 156,100 | E 
®a* 7(9.6)+10(74) > ~ 83.6 1870 -EQ.6 
Mane 156,100-1(9.6)(1870)=138,200-£Q! 
Maa = -10(7.4)(1870 )=438,500-EQ3 
M pa =-156,100 -1 (7.4)(1870)=-169, 900-EQ.F 


Mc = 116,200- 138 p00. 1900.27. 100 


SLAB WEIGHT PLUS UNIFORM DEAD LOAD 


56, a | { Gis: ,400 | 


17,300 


LIVE LOAD 


2300 eee 
oa 14,220 I i 


Mg 23 (90)(62)*+s (2500)(62)=82,000 
Mis=@5,G00'#- SEE FIG.3 

O,= 23.000 .765 - £0.6 

Mas= ©5,600-1(9.6)(165)=+58,100-EQ.1 
Maa® -10(7.4)(785)=-58,000-EQ3 


Mea = 705,600 -1(7.4)( 785)=- 71,400-EQ.F 


Me = 62,000- 28100 271,400. 17 500 


Ms = §(2207-187)(15.25)*= 15,400 
Mis=-20,100 - SEE FIG.3 

Me =15,400- 2322. 14,220 

Ba = =20100 .- 241 - £Q.6 

Mas= ss = 1 (9,0)(-2.41)=+2310-EQ) 
Maa =- 20,100-10(7, a)(024)=-1300- EQ3 
Mpa= -1(7.4)(-241) =+1780-EQF 


epee PRESSURES 


(7.4)(3,000,000)(27)3(0.44). 
Maa* ‘ 72(15.25)2 
@, = “L1G0.000 - + 13,880 -£a.6 
Mase ~ 1(9.6)(+13,880)=-134,000-E4) 
ae = 1,160,000-10(7.4)(13,880)=133,000%03 
~1(7.4)(13,880):102,000-4QF 
Hee ers 044 


=),160,000 


TEMPERATURE AND RIB SHORTENING 


Fig. 12—Two-sPaAN SYMMETRICAL CASE—SYMMETRICAL LOADING 
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RIGID FRAME CONSTANTS 


‘4 FIGS 1&2 


Kaa = 10.0: Keb=Kee 

Kap = 1.0=Kec 

Mis= seer SEE 
baz ~ 65,000) FIG.3 


=-72,200-£Q.3 


Bute + 65,G00- 9.6 O,- 7.4 Og= + 65,600-9.6(97G)-7.4(-2170)= + 72,320 - EQ.) 


Maa= -10.0(7.4)@,= (-10.0)(7.4) (976) 


O=}Mac = = Ot 


Msa=-65,600- 9. 
Mep= 


(A) os 7.4 Op 
-10.0 (1.4) €@e= 


| Mcp 
0: 
ne 


FOR JOINT A: 83.60 6,4+ 7.4 68 
7.4 64 +34.265+7.4 6c =-65,600 


FOR JOINT B: 
FOR JOINT C: 


- 65,600-9,6(-2170)-7.4(976)=-52,000 


- 9.6(-2170)-7.4(192)= +19,380 
-10.0(1.5)(-2170) = +32,600 


- 9.6(192)-7.4(-2170)=+ 14,200 
-10.0(7.4) (192) =- 14,200 


=+@65,600 


71.405 +83.66c= 0 


SOLUTION OF EQUATIONS 


[er vouenn ae 
JOINT] On | Ose) Oecd 2.5 | 
| A | 83.6] 7.4] [65,000] 
YB | 7.4 | 34.20] 7.4|-65,600 
cen le 1.951 63,.6] 0.0) 
| [-7.4| -.@5| ‘|| 5.8/0] 
(nis ee EE ee "410 
Cees 
nn 2 
$= +192 
se © (492) =-2170 
- 65.6- See 2110) 976 


520 eos 

ras fross|-zi60} eT 

rsa [sore|- 2160 EAC bea 
PROCEDURE FOR CONVERGING 


eae 
ae Eee Riel AI 

FIND @aUSING 1S? VALUES OF 5 

FIND @5 USING 2™°VALUES OF & & O¢ 
3RD: SIMILAR TO SECOND (ETC.) 


Fig. 13—Two-sPaAN SYMMETRICAL CASE-—UNSYMMETRICAL LOADING 
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RIGID FRAME | 
CONSTANTS 


Can-= 9.6 

C'sp2 1.4 
Caa=9.8 
Grand 

Csp= 2.0 

C'ap= 1.0 

Kaa =10.0=Kap=Kee 
Kas= 1.0=Kac 
Mip= +@5,600 
ME.=- 65,600 


Mas=+O5,600-9.66,- 7.4 @p = 65,600-9.6(737)-1.4 (-i385) = +72,100 
OF) Maa= -10.0(9.8) Os = -10.0(9.8)€737) =- 72,250 


Mpaz- 5, 600-9.60n-7.4 6, = 65,600 -9.6(-1835)-1.4(737) = -53,400 
O= 4 Msc= -9,.66-1.46c¢= - 9.6(-1835)-1.4(12G) = +16,G70 
Mep= -10.0(2)68 = -10.0(2)(-1835) = +36,700. 


a laf -9.6 8¢-7.4 Og -9.6(126)-7.4 (-1835)= #12,3G0 
Mce= -10.0(9.8) Oc = -10.0(9.8)(126) =~ 12,350 
Maaz=KaaC’na Ga=10.0(2.9) (737) = 21,350 


Mbp=KapC Bp 8=10.0(1.0)(-1835)=-18,350 
Mee = Ke Cee 8c710.0(2.9)(12G)= 3,070 


>107.06,+ 7.465 — =+65,600 
> 7.4644+39.268+7.4 8-=-65,600 
T.405+107.06c= O 


RIGHT 
| HAND | 
MEMBER] §. = 1810+14.358=126 


I+65,600 | @g=-126(14.55) =-1835 
4 = Gll-.0688(-1835)= 737 


Fig. 14—Two-spAN SYMMETRICAL CASE—UNSYMMETRICAL LOADING 
(BOTTOMS OF POSTS FIXED) 
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Case 2—Two-Span Symmetrical Rigid Frame Bridge. (See Fig. 12 
for notation.) 


Using Formulae (1) and (3), write moment equations for members AB and Aa. 
Map = + M?¥'ap — Kap [CazOa + C'a20s] 
Maa = = MPF! aq = Kae [C’’ 4a] 
For equilibrium M4z + Ma. = 0. Also, Os = 0 since there can be no rotation at 
top of pier when framing and loading are symmetrical. 
Make K AnL 


Then + MF p = ME = => MEQ = CapO4a + KacC''acOa 


= > WYO 
“AIR AXES) Lo EMS YM eee HI Se ROSA OSG A Ree hI che 6 
niaeh (hear ee eee (8) 
From symmetry 6c = —04, Maz = —Mcs, Mpa = —Mepc and Mp, = 0. Now 
apply Equation (1) to Joint B 
LV Ae eo VE ore een ett) Cot BO eps citar es cece an EAA otters rect icon Gd (f) 


When @,4 has been determined by using Equation (6), numerical solution follows 
same procedure as outlined for single span rigid frame bridges. Complete numerical 
solution is shown in Fig. 12. It will be noted in this figure that the loadings and di- 
mensions of frame members are identical with those of the single span shown in 
Fig. 3 except that the center pier is a member of uniform thickness of 27 inches and 
Cp, = 1.5 as shown in Equation (e). 


Case 2a—Two-Span Unsymmetrically Loaded Rigid Frame Bridge. 
(See Fig. 13 for notation.) 


The solution for dead load, earth pressure and rib-shortening is the same as shown 
in Fig. 12. 

The live loading giving maximum positive moment near center of span occurs 
when one span only is loaded with live load. 

Solution of this case involves three unknown 9 values for pin ended condition 
since side sway is assumed to be prevented. 

The analysis is best made by applying Equations (1) and (3) to Joints A, B and C 
in succession using numerical quantities. 

The three simultaneous equations have been solved by two methods. When the 
number of unknowns does not exceed four, the long hand method is as easy as any. 
The “converging approximations” method is very useful where the number of 
unknowns becomes large. 

For comparative purposes and to illustrate the method of solution, a two-span 
unsymmetrical live load case with bottom of posts fixed has been solved and is shown 
in Fig. 14. 


Case 2b—Two-Span Unsymmetrically Loaded Rigid Frame Bridge 
Side Sway Considered. (See Fig. 15 for notation.) 


To illustrate the method of attack and to give a comparison of results that may be 
expected, this problem has been worked out in Fig. 15 for the case of live load on 
one span only, assuming pin ended pier members. 

M?',, may be computed as in previous problems and C’’4, may be found in Fig. 2. 
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RIGID FRAME CONSTANTS 


Cas = 9. is| FROM 


re 1.4 - 
C's FIGS. 1&2 


Co 5 

Kaa =10.0=Kap=Kee 

Kas= 1.0 =Kac 
Mie=+G5, eel SEE 

M’sa=-@5,600) FIG.3 


“10.0 (1.4) (6a- R) = = “10.0 (7.4)(+2502- 1732) =37, 000 - EQ.j 


Maa2-65,600 - 9.6(@5) -7.4 (Oa) =- 65,600 -9.6 (-2064) - 7.4 (+2502) =-64,300 
- 9.6(@8)-7.4(Oc) = ~9.6(-2004)-7.4(+1717)=+ 7,150 
-10.0(1.5)(@8-R) = -10.0(1.5)(-2064- -1T32 ) = +57,000 
- 9.6 (@c)-7.4 (88) = ee (-2064)=- 1,200 
-10.0(7.4)(8e-R) = -10.0(7.4)(1717-1132) =+1,120 
-10.0(7.4)(@a- R) = -10.0(7.4)(+2502-1132) =-57,000 
-10.0 (1.5)(@e-R) = -10.0(1.5)(-2064 - 1732). =+57,000 
-10.0(7.4)(@c-R) = -10.0(7.4)(1717-1732) = +1,120 


FOR JOINT A:83.60,+ 7.4668 -14:0R=+65,600 
FOR JOINT B: 7.460 +34,.2 65 +7.4& -15.0R=- 65,600 
FOR JOINT C: 1.465+83.66c-74.0R= 0 
BENT EQ.- ZH=0:74.0 6, +15.005+74.06.-163.0R=0 


SOLUTION OF EQUATIONS 
[sour | LEFT WAND MERGER RIGHT HAND 
[ Oa, | Os | Oe | R || MEMBER 
| PW AG= |[2836) (1 4s) enn =145 0m EGS TCO mal 
8 I 7.4] 34.2 [a [N50 [65,600 176s pans ya) 
See DEC TO WS EEE) RN c= 1114891732) = +1717 
EHeOel 14.0 [16.0 | 514,00 I@SOnben © Oe Bee ; 


iete SLs eee Daa ArAseAn 
Bt.226¢-. = -2000 
=2.03 ‘ 8860.0 [= 8860.0 _|-.6,+-2000-374+436+-2064 


6, +.08968-885R=+785 
“+ Oa=*785 +(.089)(+1732) -(.083)%2064 
On =+785+1534+)83=+72502 


BLL 
0.0 


Fig. 15—Two-sPAN SYMMETRICAL CASE—UNSYMMETRICAL LOADING 
(SIDE SWAY CONSIDERED) 
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(a) 
62.0! b' 62.0! 


DEAD LOAD: Mis *+15G,100=EMi AND EM520 


9, + 28:8(+156,100) 1909 


@ y= 4 (+186,100) , eae 


Mas=+156,100 -1.0(9.6)(+1920)-1.0(7.4)(-527) = +141,600 ] CHECK 
Maa? -10.0(7.4)(+1920) =- 147,000 | 2M=0 


Meat -156,100-1.0(9.6)(- 527) -1.0(7.4)(+1920):-165,250 
Mep= -10.0(1.5)(- 527) aL 200 aM 
M sp'=+156,100 -1.0 (9.6)( - 527)-1.0(1.4)( + 527)= #157,250 


1020+} — 


CK 
=0 


EARTH PRESSURE : Mia=-20.100=3M§ AND EM5=0 
.8(-20,100)__ 
9,:26 8(-20, neces 


-7.4(-20,100) . 
6e*— 7185 ae 


Mas? SOE ee RCIT A ChE GhbOG CHEC 
Maa#~20,100 -10.0(7.4)(-248) =-1850) =M= 


Maa = -1.0 (9.6)( +8) -1.0(7.4)(-246)=+ 1180 
Mep= -10.0(1.5)(+ G8) =-1020 eee 
Mss" -1.0 (9.6) (+G8)-1.0(7.4)(-68)=- 150 


Fig. 16—SoLuTION OF THREE SPAN SYMMETRICAL FRAME DEAD 
LOAD AND EARTH PRESSURE 
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In the problem solved in Fig. 15, Equations (i) and (j)* have been applied success- 
ively to Joints A, B and C. This gives three equations and four unknowns. Since 
the sum of the horizontal forces =H = O, we can write another equation by 
cutting the tops of the piers at A, Band C. Then 

Maa + 9 Mp + 9 Mc. + 0 

h er -h i h 

Mac + Me + Mce = 9 

These equations are solved in tabular form for @4, Oz, 9c and R and these values 
are substituted in the original equations for the final end moments as shown. 


—— OO 


Case 3—Three Span Symmetrically Loaded Rigid Frame Bridge—Pin 
Ended. (See Fig. 16 for notation.) 


In this case there are two unknown 0 values or joint rotations since @4 = —®’a 
and @g = —0’z. . 
First apply equations (1) and (3) to Joint A and equate their sum to 0. 
Mas = © M¥'an — Kaz [CasOa + C'an0a] 
Mae = = M¥'4q — Kaa [C''4c04] make Kap = 1 
then + MF’anp += M?P’4, = © M¥’4 = unbalanced moment at A = 
(Gap -- KacCacl\iOa = ClapO py. ssmvet-tolers ter ostet tet iter tomers ier -teers (1) 
Next apply equations (1) and (3) to joint B and equate their sum to 0, 
make Kug = 1 
Mea = + MP's, — [CazOp + C’'a20a] 
Mss’ = = MF zp’ — [CazOz + C’sp’Oz'] 


Mp = —Kap [C03] On = —Oz’ C'zp’ = C'ap 
Unbalanced moment at B = + = M?¥’gs = = M?F’p4 + M?'p3! = 
[2 Cap — Clap Ge EG Cl By} On ata (Cae Oar rhe ciara cteree teenie) tne (m) 


Substitute values of constants from Figs. (1) and (2) in Equations (1) and (m) 
and we have 


(9.6 + 10.0 (7.4) ] @4 + 7.4 Op = © EZ MP4 
(2 (9.6) — 7.4 + 10.0 (1.5) ] Op + 7.4 O4 = + Z M?’z 
Solving for 04 and Oz 


(Ces EEG) ee (ES a, IVE 
0, = 26.8 ( Ean Mae Mitt sie) ..(n) 
2185 
C= > MF, ) — 4 Cea ee 
On = 83.6 2S et ie ere 
2185 
*From Equation (d) with notation suitable to member Aa 
Mia = & M¥aa = Kaa [(GacOa == O'an0a — (Cia. =E 9 Cae) este acter te eatvetars cteistotetant (g) 
Applying this equation to member Aa at the pin end, remembering that Maa = 0 
Mes = 0 = = WW Foa Hi Kao ( (Cie = Cua) RR = (CaaOa— CAa0dl seine domicile oieiteierine i (h) 
: a, MF oa Caa cite C'sa C’Aa ‘ 
Solving for Qa = — rene ( ) R —- ron OD a acess Suateiglans ck Sopiete ts ofc eeanot (i) 
Substituting 0. in equation (g) and simplifying gives ~ 
Maa aa MF'aa + Kaa Cais R 4 4) PWC MOOR OMIT LOC aK FOr SOC erro SOR chee Oar a (i) 
F C's he C' 4a)? 
where MF'4g = MFaa ES + MFaa and C’'4a = Cac — eas: syialrasierstlebetaatey. cgcteniolire uitherers enetiste (k) 


In Equations (g), (h) and (k) the values of M¥a4 and MF aa are the common case of the fixed b 
moment where both ends of the members are considered fixed but of variable moment of inertia and 
must not be confused with the fixed beam moment for members of constant moment of inertia. M¥F’aa 
as used in these equations is the special case used in this paper in Equation (3) and defined in the 
footnote to that equation. 
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It should be noted that for the three-span bridge all cases of live load are sym- 
metrical to produce the worst condition of center moment. 


PROPOSED METHOD OF ELIMINATION OF HIGH MOMENTS DUE TO 
RIB SHORTENING MULTIPLE SPAN RIGID FRAME BRIDGES 


It will be noted from a comparison of the results of analysis shown 
on Fig. 3 with that of Fig. 17 that rib shortening moments increase 
rapidly with the increase in number of spans. Moments due to dead 
load, live load, and earth pressure do not vary greatly. It is therefore 
proposed that an economical design could be effected by the insertion 
of expansion joints such as shown in Fig. 19. , 

Such a joint will not change the dead load moments, which are the 
most important ones in long span structures. This is where the con- 
tinuous rigid frame bridge with variable moment of inertia has its 
greatest advantages. Live load moments will be affected, though 
not seriously, and will require a different analysis from the one here 
proposed for the multiple span case. Earth pressure effects will re- 
main about the same. 

A convenient formula is given on Fig. 18 for the calculation of rib 
shortening moments when this type of joint is used to eliminate high 
moments by limiting the rib shortening effect to one of the unsym- 
metrical bents of the multiple bent bridge. 

This formula indicates that the influence of increasing height of the 
end pier is to decrease rib shortening moments in proportion to the 
increase in height. If the bottoms of the piers were fixed very small 
changes in rib shortening moments would take place as the constant 
C”’ would be replaced by a slightly higher value of C for this post 
member. 


DISCUSSION OF ASSUMPTIONS MADE IN THIS ANALYSIS 


In any problem of indeterminate analysis certain assumptions must 
be made which are debatable and the possible advantages of these 
should be carefully weighed. Certain assumptions are involved in 
the choice of frame dimensions, proportions of concrete and loadings. 
No attempt will be made to justify the frame dimensions used, nor 
will unit stresses be computed since the object of the paper was to 
present a method of analysis rather than to design a bridge. The 
assumptions which affect the analysis are: 

1. IJ or the moment of inertia of all cross sections was assumed 


bd’. 
tional to — 
proporti 7m 


2. E or the modulus of elasticity was assumed to be constant. 
throughout. 
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LIVE LOAD END SPANS 


LIVE LOAD END SPANS 
MES =+65,G00=+3M% AND t 3Ms=~- 05,600 


62 BTN | 000). +) 075 
os 63.6 (-65.600)-7 4 @5.200) 5 2,130 


Mas = +@5,600-1.0(9.6)(+1025)-1.0(7.4)62730) = ae CHECK 
Maa® -10.0(7.4)(+ 1025) =- 75,900) 2M=0 


Mga 27 65,600 - 1.0(9.6)(-2730)-1.0(7.4)(+1025)=~- 47,000 
Map: “10.0 (1.5)(-2730) = eai000) yg 


Mas'= -1.0(9.6)(-2730)-1.0(7.4)(+2730)=+ @,000 


139,800 


136,600 


TEMPERATURE AND RIB SHORTENING 
MR, = +1,720,000=¢Mk AND Mbp=+116,000 =* MB 


= 26.8 (+1,120,000)-7.4(+116,000) . 29 400 
_ 83.6 (+116, 000) -7.4 (+1,120,000) _ _ 
€ a= 2185 1375 


186,000 —+ 


Mas? =10(2,66 20,700) 1 OC. AIISIENE OR Car 
Maa = +1, 720,000 -10.0(7.4)( 20,100) =+187,000} EM=0 
Mea= - 1.0(9.)(-1375) - 1.0 (7.4)(+20,700)#139,800} a ec, 
Mgp=+11G,000-10.0(1.5)(- 1315) =1136,600/ 5 mz0 
Mes’: -1.0(9.6)(-1375)~1.0(7.4)(-1375) =+ 3,000 


Fia. 17—SoLuTION OF THREE SPAN SYMMETRICAL FRAME LIVE 
LOAD AND TEMPERATURE 
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Pe eneke SPAN 


INFLECTION POINTS 


|- MUST DEVELOP VERTICAL SHEAR 
JOINT 52-MUST SLIDE FREELY HORIZONTALLY 
3-SHOULD LIMIT AMOUNT OF SLIDING 


GIVEN:- 


Mr= MOMENT DUE TOCHANGE IN LENGTH OF AB’(FT.LB) 
A = CHANGE IN LENGTH OF “AB” (FEET) 
E = MODULUS OF ELASTICITY OF CONCRETE(LB. PERSQ.IN.) 


= MOMENT OF INERTIA (INCHES 4) 
= CLEAR MEMBER LENGTHS (FEET) 
‘sa, Can, AND Cap = CONSTANTS (SEE FIGS.| &2) 


Mr= AE 
Laa\/ Chaat Cao mate 
faerie [Cr Che Cat) + Tega a 
ee 044 (3,000, 000) 
oe 15.25 (1441.5 702) 
(7ys. a5] Gap (antie)* Genet TOn | 


Mr = 15,600'# 


I 
L 
Cc 


Fie. 18—SuGGEsTION FOR REDUCING TEMPERATURE EFFECTS 


ASBESTOS SHEET PACKING FASTENED 
CANTILEVER SPAN WITH COPPER RIVETS + APPROACH SPAN 


PLATE <<” 
fo ig a 


AY, 
WwW” HOOKED FLA 


HOOKED FLATS 
A test cnannets 
FILLER 


CF - DETAIL AT HINGE 
Soe a IN RIBBED DECK 


aaa 


ASBESTOS SHEET PACKING OR 
OTHER SUITABLE MATERIAL 


Fic. 19—PossIBLE TYPES OF JOINTS 
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3. The pier or vertical post members were taken as hinged rather 
than fixed at the bottom. In all probability a condition somewhere 
between these two actually exists. This assumption is found to affect 
maximum moments very little. For the rare case of very high pier 
members with unusually short slab spans this assumption might have 
to be modified and both cases of hinged and fixed bottoms would have 
to be investigated. 

4. As previously stated, clear lengths were used instead of center-to- 
center lengths. 

5. Side sway or effect of lateral movement of all tops of piers in the 
same direction with reference to all bottoms of piers resulting from 
unsymmetrical loading will be neglected. It is here proposed that side 
sway is not free to happen because of restraining active earth pressure 
and the passive resistance of the earth. 

6. The rib shortening of two-thirds of a foot per thousand feet due 
to all causes is thought to be fairly high and might, under certain 
conditions, be reduced. 

7. In the solution of the problems shown in the various figures of 
this paper the hinge has been assumed at the top of the footings. 
Actually there would probably be very little difference whether it had 
been assumed at the top or bottom of the footings providing the 
designer is consistent. 

8. Nothing has been said in this paper regarding the foundation 
conditions since the object of the paper was to present a mathematical 
analysis. It will be noted that with short stubby end members thrusts 
of real magnitude may be developed. Under these conditions it will 
be necessary to build into the foundation a resistance to this thrust to 
prevent undue movement at the piers. In the calculations as here 
presented a small amount of movement has been provided in the term 
A. Probably it would be on the safe side to make some such provision 
unless rock foundations were actually encountered making it un- 
necessary. 

9. No attempt has been made to combine the moments as com- 
puted to give design conditions nor have shear diagrams been drawn. 
The most important thing is the determination of the indeterminate 
moments and when these have been found the shear and moment 
combinations are a relatively simple matter. 


For such discussion of this paper as may develop readers are re- 
ferred to the Journat for Sept.-Oct. 1936. Dzscussion should 
reach the Secretary by July 1, 1936. 


PUBLICATION OF Discussion DEFERRED 


PUBLICATION of discussion intended for this issue is now scheduled 
for the May-June issue, under the following titles: 


INSPECTION OF CONCRETE 


PLacING CONCRETE BY MEANS oF VIBRATION 


PRopPEeRTIES OF MortTars AND CONCRETES CONTAINING 
PORTLAND-PUZZOLAN CEMENTS 


(521) 


Current Reviews 


of Significant Contributions in Foreign 
and Domestic Publications, prepared by 
the Institute’s corps of Reviewers. 


Ordering, storing, bending, and fixing steel reinforcement 


A. W. Lueart, Concrete and Constructional Engineering, Vol. 31, No. 2, Feb., 1936, p. 122-137. 
Reviewed by GLrenn Murry. 


Discussion of methods of handling reinforcement. Illustrations and details of 
methods are given. 


Types of concrete floors 


Concrete and Constructional Engineering, Vol. 31, No. 1, Jan., 1936, p. 79 et seq., 15 pages. 
Reviewed by GLENN Mourpny. 


Descriptions and drawings of several special systems of lightweight concrete floor 
construction. 


Temperature stresses in chimneys and tanks 


H. Carpenter, Concrete and Constructional Engineering, Vol. 31, No. 2, Feb., 1936, p. 105-113. 
Reviewed by GLENN MurpHy. 


This article presents a method for calculating the stresses due to changes in tem- 
perature on one side of a restrained reinforced concrete member, Several examples 
are included. 


Action of sea water on reinforced concrete 


Concrete and Constructional Engineering, Vol. 31, No. 1, Jan, 1936, p. 73. 
Reviewed by Grenn Murpnxy. 


Summary of the results as given in the Report of the Building Research Board for 
1934 concerning the inspection of several series of experimental reinforced concrete 
piles exposed in sea water. Different grades of cement and various mixes were used 
in the series. 


Location of joints in concrete road slabs 

E. Bunimann, Die Betonstrasse, Vol. 11, No. 2, Feb., 1936, p. 38. Reviewed by Incr LyszE. 
This article presents a theoretical analysis of the function of the joints and in- 

troduces an effectiveness ratio. It is found that the criterion for the effectiveness of 

a joint depends upon the so-called effectiveness ratio and the permanent set and the 

Jateral deformation of the filler used in the joint. The compressive stresses in the 

concrete resulting from faulty joint construction have also been studied. 


New methods of wall construction 


Conerete and Constructional Engineering, Vol. 31, No. 2, Feb., 1936, p. 141-144. 
Reviewed by GLENN MurpuHy. 


Discussion of construction of a seven story block of flats built of reinforced con- 
crete, but having the external appearance of a brick building due to the use of a 
special type of precast concrete wall panel. The walls consist of 5 in. of reinforced 


(523) 
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concrete faced on the outside with precast panels 314 ft. by 3 ft. by 2 in. The panels 
are made of 1-in. colored concrete bricks with a 1-in. reinforced mortar backing. 


Influence on modulus of elasticity of concrete 
A. Hummen, Die Betonstrasse, Vol. 11, No. 3, March, 1936, p. 61. Reviewed by Incr LyseE. 
The problem of decreasing the occurrence of cracks in concrete and reinforced 
concrete construction has recently been given added importance particularly in 
concrete highway construction. In this article a thorough review is presented of 
most of the outstanding research work on modulus of elasticity of concrete. The 
recent publications by Glanville, Abeles, Yoshida and others have been carefully 
studied and the most important results reprinted. 


A lightweight aggregate produced from slate waste 


EB. H. Coteman, Concrete and Constructional Engineering, Vol. 31, No. 1, Jan., 1936, p. 47-51. 
Reviewed by GLENN MurpHy. 


A lightweight material produced by heating slate is described. Certain types of 
slate will expand to seven times the original thickness perpendicular to the cleavage 
planes, producing an aggregate with a density as low as 32 lb. per cu. ft. Tests made 
at the Building Research Station “indicate that the expanded slate compares very 
well with the best of the existing materials used as aggregate for lightweight con- 
crete.” 


Newest concrete equipment for the German highway system 
T. v. Rorue, Die Betonstrasse, Vol. 11, No. 3, March, 1936, p. 49. Reviewed by INGE LysE. 

A discussion of the various types of equipment used in the construction of the 
German concrete highway system. Planers, rollers, and various tamping and vibra- 
tion methods for the preparation of the foundation are discussed. Of special interest 
are the so-called automatic tampers. Pavers and finishing equipment are also 
described, and a considerable space is devoted to discussion of various types of 
concrete vibrators.and to machines for construction of slab joints. 


French build high dam in narrow limestone canyon 


Ropert A. SUTHERLAND, Engineering News-Record, Vol. 115, No. 21, Nov. 21, 1935, p. 706-9. 
Reviewed by N. M. NEwMarkK. 


Sautet Dam on the Drac River, in the French Alps, serves as a regulating storage 
for a number of power plants. The height is 414 ft., and the crest length only 263 ft. 
The dam consists of a comparatively slender constant angle arch backed on the down- 
stream side by a solid mass of lean concrete to support the canyon walls and to 
protect the dam proper from possible falls of overhanging rock. The total capacity 
of the reservoir is 106,000 acre-ft. 


A combined water tank and chimney 


Concrete and Constructional Engineering, Vol. 31, No. 1, Jan., 1936, p. 15-17. 
Reviewed by GLENN Murpuy. 


This article presents the design and construction features of a reinforced concrete 
chimney which carries a 5000-gal. water tank at the top. The chimney is 54 ft. high, 
with an internal diameter of 2 ft. 7 in., and an external diameter of about 5 ft. It is 
reinforced with two rings of vertical rods, and internal and external loops at 9 in. 
centers vertically. The tank has an external diameter of 13 ft. 6 in., and is 9 ft. 2 
in. deep inside. The bottom of the tank consists of a slab 18 in. thick, which is 
reinforced by cantilever rods off the shaft, and by circumferential steel. 
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Road-base stabilization with portland cement 


W.H. Mirus, Jr., Engineering News-Record, Vol. 115, No. 22, Noy. 28, 1935, p. 751-3. 
Reviewed by N. M. Newmark. 


Field experiments are described on test sections of cement-stabilized-soil bases for 
bituminous surfacing. Seven test lengths of road in different localities were con- 
structed during 1934 and opened to traffic. All of the field experiments are in good 
condition, but definite conclusions cannot yet be formulated. The cost per square 
yard of the test sections ran about 27 cents for cement, 10 to 20 cents for placing the . 
cement, and 5 to 30 cents for the bituminous wearing surface. 


Construction of dowels at highway joints 


E. GorRNER AND H. Leussinx, Die Bautechnik, Vol. 14, No. 9, Feb. 21, 1936, p. 134-137. 
Reviewed by Incr LyseE. 


A well illustrated article describing the various types of dowel construction used in 
highway joints with discussion of their merits and shortcomings. Ordinary simple 
dowels as well as dowels with various kinds of cross-ties and supporting devices are 
included, together with different types of provisions for free movements of the con- 
crete slabs. In discussing the length of the dowels the authors recommend 25 to 30-in. 
dowels. Difficulties in proper placing and holding of the dowels are pointed out and 
attention is called to the fact that an improperly placed dowel is not only worthless 
but even detrimental to the joint. 


Successive elimination of unknowns in the slope deflection 
methods 


Joun B. Wixzor, Asst. Prof. C. E., M.I. T., Proc. Am. Soc. C. E., Vol. 61, No. 10, Dec., 1935, p. 1463. 
Reviewed by H. J. Ginkey. 


The formal solution of a Jarge number of simultaneous equations may be avoided 
by successively expressing all the unknown elements in terms of a few unknowns. 
The method is illustrated for continuous beams, building frames with shallow wind 
braces and the Vierendeel truss. The method does not actually avoid the solution 
of simultaneous equations but rather eliminates the unknowns progressively. The 
methods used may be extended to other structures solvable by the slope deflection 
method. 


Standard specification for cast stone 
Concrete Building and Concrete Products, Vol. 9, No. 1, Jan., 1936, p. 7. Reviewed by J. C. PEARSON 
The Cast Concrete Products Association (England) has recently issued a specifica- 
tion for cast stone. The usual limitations for cement, aggregates and pigments are 
included, with certain requirements of finish for both faced stone and stone of uniform 
composition. Four days’ damp curing is to be followed by an additional 14 days 
under cover. Six-inch cubes at 21 days must have a minimum strength of 2000 p. s. i., 
which seems low in comparison with American and Australian requirements of 5000 
p. s. i. at 28 days. An appendix gives recommendations for setting mortar, which is 
a lime mortar with or without a gaging of cement. 


Thousands of holes grouted under Norris Dam 

Engineering News-Record, Vol. 115, No. 21, Nov. 21, 1935, p. 699-701. Reviewed by N. M. NEwMark.- 
The elaborate plan of grouting operations carried out in the foundations and 

abutments of Norris Dam is described. Holes up to 514 in. in diameter, spaced 10 

to 20 ft. apart, were drilled to depths of 30 to 50 ft. The holes were washed thor- 

oughly, then filled with grout under a maximum pressure of 30 p. s. i. Rock condi- 
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tions in the larger drill holes were examined by means of a periscope lowered into the 
hole. In addition, 36-in. core drill holes were put down at various places enabling 
large-scale determinations of the results obtained by grouting. It was concluded that 
the foundation was completely sealed. 


New Isar bridge in Bad Tolz 
L. Prsror, Die Bautechnik, Vol. 14, No. 9, Feb. 21, 1936, p. 129-134. Reviewed by Inez LyseE. 


The design of this bridge won the award for the author, in a competition to which 
eight other engineers were invited to submit designs. The maximum stresses per- 


1 
mitted were 17,000 p. s. i. for reinforcement and >> 35 f’. for concrete, where ff’. 


represents the 28 days strength. The bridge consists of four spans of about 78 feet 
each. Each span has six reinforced concrete girders, 624 feet on centers with two 
transverse beams. Provisions were made for free longitudinal movement on each 
pier, thus eliminating any continuity. Detail description is given of the construction 
of the bridge, which when completed, will cost 450,000 reich marks. 


Compounds in portland cement 


R. H. Boaun, National Bureau of Standards, Washington, D. C. Industrial and Engineering Chemistry. 
Vol. 27, No. 11, Sept., 1935, p. 1312-1316. Reviewed by Roy N. Youne. 


This paper was one of a number included in a symposium on Materials of Con- 
struction in the Building Industry. In a readily understandable fashion it deals 
with the development of cement chemistry and briefly describes methods employed 
in the identification of most of the compounds in portland cement. The establish- 
ment of the parts which the various compounds play in affecting the properties of 
portland cement are discussed. An application of the results of the researches men- 
tioned has, in the last decade, brought about important improvements in the efficiency 
of cement and durability of concrete. 


Trinidad central water supply scheme 


Concrete and Constructional Engineering, Vol. 31, No. 2, Feb., 1936, p. 115-121. 
Reviewed by GLENN MurpHy. 


Description of the design of two covered concrete reservoirs each of 3,000,000 gal. 
capacity, being built as a part of the water supply system for Trinidad Island. The 
reservoirs are 200 ft. by 160 ft., each divided into two independent parts by a center 
partition. The roof is supported by steel columns encased in concrete. In con- 
structing the floors of the reservoirs strips of bituminous sheeting 12 in. wide were 
laid on top of the three-inch thickness of lean concrete (which made up the lower 
layer of the floor) at intervals of 18 ft. in one direction and 20 ft. in the other, and on 
this the 6-in. floor slab was cast. A vertical joint filled with bitumen was left around 
each 18 by 20-ft. floor panel. 


Aggregates for Grand Coulee dam 


Epmunp SuHaw, Rock Products, March, 1936, p.”30-41. Reviewed by Roy N. Youne. 


Mr. Shaw, Contributing Editor of Rock Products, presents a vivid and detailed 
description of the treatment and handling of aggregates for Grand Coulee Dam, 
starting from the deposit and following through the various operations to the storage. 
The article is augmented by numerous photographs and drawings. (See also ‘‘Ag- 
gregate Production for Grand Coulee Dam” by Gordon IF’. Dodge—A. C. I. Journat, 
January-February, 1936.) 
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Following this article (p. 41) is a review by Mr. Shaw of a paper given by Anthony 
Anable, Engineer of the Dorr Company, at a recent meeting of the American In- 
stitute of Mining Engineers ‘“‘The Preparation of High Specification Concrete Sand 
at Grand Coulee Dam.” It deals principally with sand classification. 


Determination of grain shapes of aggregates 
Kurt Wauz, Die Betonstrasse, Vol. 11, No. 2, Feb., 1936, p. 27. Reviewed by Incr Lys. 


The question of shape of aggregate particles becomes an important one when sieve 
analyses are used as the basis for designing concrete mixes. With the same amount 
of material between different sieve sizes the actual sizes of particles in the aggregates 
may vary considerably when changing from well rounded gravel to elongated and 
flat pieces of crushed stone. This variation in shape of particles has been found to 
produce large variation in the water requirement for concrete mixes and the in- 
vestigation reported in this article was made with the view of classifying the various 
shapes. The classification was based onthelengthofthe three axes of each particle and 
the comparison made on the ratios between the two larger and the smaller diameter. 
Thirty-nine groups of aggregates were carefully measured and studied. The results 
indicated that visual inspection may often be misleading for judging the average 
shape of the aggregate particles. 


Tests of mortars for reinforced brick masonry 


M. O. Wirsery anp K. F. Wenpt, Proceedings, A. 8. T. M., Vol. 35, 1935, Part II, p. 426 
AUTHOR’S SYNOPSIS. 


Tensile and compressive strengths, linear change measurements, absorption, freez- 
ing and thawing, and autoclave tests, also workability ratings, are reported. Most 
of the tests were made on 1:3 and 1:4 portland-cement mortars rendered more plastic 
by additions of lime or pulverized clay. The influence of five curing conditions, five 
lime hydrates, three varieties of clay, and differences in proportion of admixture are 
included. Approximately 82 mixes and 4000 test specimens are represented in the 
reported data. The large linear changes of the dolomitic lime-cement mortars under 
continuously wet curing and of the clay-cement mortars in dry air are shown. The 
data indicate the suitability of 1:4 mixes with proper addition of lime or clay for 
moderate exposure, but for high strength or severe exposure 1:3 or 1:274 mortars 
with clay or lime additions appear preferable. 

The chemistry and physics of concrete shrinkage 
R. W. Caruson, Proceedings, A. 8. T. M., Vol. 35, 1935, Part I, p. 370. Autuor’s SYNOPSIS. 

A simplified explanation is given of the manner in which the gel resulting from the 
hydration of portland cement causes shrinkage upon drying. Attention is directed 
to the fact that all concretes shrink more than would be expected from the individual 
behaviors of cement paste and aggregate, and from the relative dimensions of each 
in the concrete. Although many possible explanations suggest themselves, it is in- 
dicated that voids around the aggregate particles and within the aggregate may be 
the most important factors causing concrete to shrink more than would be expected. 
Data are presented showing the effect of size of mass and distance from an exposed 
surface upon the shrinkage of concrete. It is shown that in large masses the tendency 
to shrink is limited to the region within a few inches of the surface, even after 4 
months of drying. Even a member of no more than one foot thickness may shrink 
but a fraction as much as a small bar during an average drying season. 
Shrinkage of concrete 
Iner Lysx, Proceedings, A. S. T. M., Vol. 35, 1935, Part II, p. 383. AUTHOR’S SYNOPSIS. 

This paper presents the results of an investigation of the use of ordinary 3 by 6-in. 
concrete cylinders for volume change observations and of observing these changes by 
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a simple apparatus consisting of an Ames dial attached to a metal base, and of a study 
of some of the factors which contribute to volume change in concrete. The factors 
investigated were quality and quantity of the cement paste used, length of moist 
curing, and different cements and aggregates. The 3 by 6-in. cylinders were found 
to serve well for shrinkage observations and the measuring apparatus used gave 
satisfactory results. The quality of the paste showed little effect upon the shrinkage, 
while the quantity of the paste contributed approximately in proportion to its per- 
centage of the volume of the concrete. The length of moist curing had practically 
no effect upon the shrinkage. The high-early strength portland cement produced 
more shrinkage than did the standard portland cement, particularly in lean mixes, 
but in terms of shrinkage per unit of strength, the high-early-strength cement proved 
superior. Fine aggregate showed more effect upon shrinkage than did coarse ag- 
gregate. 

Temperature control for a small moist curing room 

The National Sand and Gravel Bulletin, Dec., 16, 1935 Courtesy Highway RESEARCH ABSTRACTS. 

The moist curing room at the National Sand and Gravel Association Laboratory is 
about 8 by 8 by 8 ft. A temperature of 70° + 1 degree and a humidity of 100 per 
cent are desired. A simple device has been designed and built by C. E. Proudley, 
Assistant director, which maintains the temperature more uniformly than guaranteed 
by commercial companies bidding for the installation. 

The apparatus includes an ice chest, electric heating units controlled by a ther- 
mostat, a fan, and (at present) a mine spray. Ice in the chest cools the room to 70°F. 
and slightly below. Immediately when the temperature falls below 70°, the ther- 
mostat cuts in the electrical heating elements which stay on until the temperature is 
raised to about 70.5°. The fan circulates the air to maintain uniform temperature 
throughout the room. 

The operating cost includes a small charge for electricity and, during hot weather, 
about 50 to 80 cents per day for ice. Cost of materials for construction was about 
$20. Labor was done at odd times by the regular staff. 

Tests on ten-year-old concrete 
M. O. Wirney, The Wisconsin Engineer, Feb., 1936. AuTHOR’s ABSTRACT. 

Reports results of tension tests on mortars and compression tests on concrete made 
with four different brands of portland cement. In the concrete tests three types of 
aggregate were used, two consistencies, and in some of the tests the effects of three 
water ratios were studied. Part of the specimens were subjected to curing out of 
doors and part were cured in laboratory air. The neat cement and 1:1 standard sand 
mortar specimens exhibited marked variability in tensile strength due to out door 
curing over the ten year period. The concretes showed a good increase in strength 
when cured unprotected on relatively dry ground in the climate of Madison. Con- 
crete cured indoors at low humidities showed very low rate of increase in strength 
after 3 months. The actual difference between strength of concrete of dry con- 
sistency and that of wet consistency increased with time. At the five and ten year 
periods the mortars in concretes made of cements highest in dicalcium silicate had 
slightly higher strengths than those made of cements highest in tricalcium silicate. 
No material difference in concrete strengths appeared to result from the type of 
aggregate used. 

Steam curing of concrete blocks 
A. W. Wousensk1, Beton Stein Zeitung, Vol. 2, No. 3, Feb. 10, 1936, p. 33-35. 


Reviewed by IncE LyseE. 
A summary of an investigation carried out at Moscow, U.S. 8. R., during 1934. 


The experiments were made on blocks about 5 by 5 by 8 in. machine-made from 


Mar.-Apr., 1936 Current Reviews 529 


dry concrete mixture. The aggregate consisted of crushed limestone and natural 
sand. Since the sand contained from 3 to 7 per cent clay a supplementary study was 
made of the effect of the clay on the strength of steam-cured concrete specimens. 
The results showed that the strength increased with the increase in clay content in 
the sand up to the maximum of 20 per cent used. The steam curing was applied for 
12 hours (2 hours for increasing the steam pressure, 8 hours under constant pressure, 
and 2 hours for gradual decrease of pressure). The length of increasing and de- 
creasing the steam pressure was found to have an important effect upon the cracking 
of the blocks. The 2-hour periods were found to give the best results. The tendency 
towards cracking was found to be dependent upon the cement content of the blocks, 
the higher the cement content, the greater was the tendency to crack. The effective- 
ness of the steam curing was more pronounced for lean than for rich mixes. While 
normal curing gave strengths from 1400 to 1700 p. s. i. at 28 days, the steam curing 
produced strengths of 2100 to 3200 p. s. i. Attention is called to the difficulty of 
securing laboratory conditions comparable with actual production methods. 


Determination of modulus of elasticity and Poisson’s ratio of 
concrete at ages of fourteen days to four years 
L. H. Ko enitzer, Proceedings, A. 8S. T. M., Vol. 35, 1935, Part II, p. 399. AvTHOR’s SYNOPSIS. 
This paper is the continuation of the work of P. M. Noble reported at the annual 
meeting of the Society in 1931. (Vol. 31, Part I, p. 399) Tests were made on concrete 
mixes containing sand-gravel aggregate, soft limestone, sandstone, flint gravel, 
crushed flint aggregate, and a dense limestone. The water-cement ratios varied 
from 0.6 to 0.9 with slumps from 0 to 8.5 in. The modulus of elasticity and Poisson’s 
ratio were determined on 165 6 by 12-in. cylinders in a moist condition at ages of 
14, 28, 56, 112, 380 and 1480 days. Tests were also made on the same specimens at 
the age of 360 and 1460 days in a dry condition. Tests show that the modulus of 
elasticity of plain concrete at the end of 4 yr. is about the same as at the age of 14 
days. Poisson’s ratio for the mixes studied indicate a rapid increase for the first 56 
days and then a gradual decrease until at the age of 4 yr. the ratio was in most cases 
equal to or less than Poisson’s ratio at 14 days. Sand-gravel aggregate concrete failed 
to increase in strength, the strength at the age of 4 yr. was in many cases equal to or 
less than at the age of 28 days. Sand-gravel aggregate concrete specimens when 
tested wet gave a lower modulus of elasticity than when the specimens were tested 
dry. The opposite was true for coarse aggregate specimens. Aggregates have an 
important influence on the elastic properties of the resulting concrete. 


Dynamic effect on road slabs 
A. Ramsprck, Die Betonstrasse, Vol. 11, No. 2, Feb., 1936, p. 32. Reviewed by IncE Lysz. 


Heavy traffic often produces dynamic effects which may be critical for the strength 
of the road slab. In the study presented in this article special attention is given to 
the vibration set up in a slab due to the impact produced by the dropping of weight 
on the slab. The vibration curves thus produced in the slab may be assumed to 
approximate the following equation: 


x 
= A.sin 2r— 
» 
where ) is wave length, A amplitude of the wave, and y is the deflection of the slab 
at a distance x. The stress produced by this deflection is: 


Gee pot RE. Asin de ©. 
= Dees x 
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where h is the thickness of the slab and EZ is the modulus of elasticity of the material 
in the slab. The maximum stress will be: 


Cnaz = Bee 


The major problem was to study the conditions for the wave length and the amplitude. 
An extensive investigation was carried out on concrete slabs; other slabs will be 
studied later. Slabs of different thicknesses and supported on different types of 
foundations were included in the observations. The results are presented in diagrams 
and showed that the thickness of the slab, as well as the character of the foundation, 
had an important effect on the vibration. 


Research on concrete disintegration 


H. S. Marrmore anp G. A. Raun, Proceedings, A. S. T. M., Vol. 35, 1935, Part II, p. 410, 420. 
? AvUTHOR’s SYNOPSIS AND CONCLUSIONS. 


This paper presents the results of a research project undertaken to determine the 
cause of an abnormal rate of disintegration of concrete structures in northern Pennsyl- 
vania. 45 experimental concrete headwalls were constructed in the same location 
as the original walls which had failed, and these were closely observed and their 
resistance to exposure recorded. Two different sands, and two different cements 
with the same coarse aggregate were used; also the cement and aggregate proportions 
and water-cement ratio were varied. The inspection record, with the available detail 
data on material qualities, concrete proportioning, compressive strength, pH de- 
terminations on surrounding soils and daily recording thermometer records over the 
entire exposure period furnishes information rarely, if ever, available on studies of 
field concrete. The periodic inspections made it possible to record the development 
of disintegration and to establish a rating on stages of disintegration, which it is 
hoped will be of value in recording data on similar investigations. Some of the 
probable causes for disintegration are discussed in the paper, but what is believed to 
be of more value is that sufficient data are furnished so these causes can be checked 
or other conclusions drawn. Conclusions: 

Extremes in temperature between exposed section and buried part of wall subject 
these specimens to high stresses. Saturated ground conditions with rather frequent 
changes in temperature produced numerous cycles of freezing and thawing during the 
414 yr. of exposure. Cement A and sand C are definitely indicated as factors affecting 
adversely the durability of concrete under this condition of exposure. Table V giving 
the pH value of soils in contact with these walls is convincing that deleterious acid 
or alkali action is not a factor in this disintegration. 


Heat of hydration of partially prehydrated cements 


Technical News Bulletin, National Bureau of Standards, Nov., 1935, p. 114. 
Courtrsy Highway RrspARCH ABSTRACTS. 


As a means of decreasing the amount of heat developed in mass concrete by the 
hydration of the cement, a study has been undertaken at the Bureau of Standards 
to determine the effect of prehydration of the cement. Two different types of cement 
were treated with steam at atmospheric pressure so that approximately 3 and 5 per 
cent of water, respectively, as determined by loss on ignition of the resulting product, 
was taken up by the cements. 


The heat of hydration was determined by the heat of solution method. Test ages 
were 7, 28 and 90 days, and 1 year. Three curing conditions were used: (1) 70°F. 
for length of test, (2) simulated adiabatic curing (70°F. for first 24 hours, then 150°F 
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to end of test), (3) a combination of these two types wherein, at 7, 28 and 90 days, 
specimens were removed from 150°F. storage and put in 70°F. storage for the re- 
mainder of a year. 

Prehydration with 3 per cent water reduced the average heat of hydration of the 
standard portland cements cured at 70°F. by 14, 12 and 6 per cent for the respective 
ages of 7 and 28 days and 1 year. Corresponding reductions in heat for 5 per cent 
of water were 28, 27 and 16 per cent. Under simulated adiabatic storage, the same 
order of decrease in heat of hydration was found as for the 70°F. storage. 

The respective prehydrations of high-early strength cements caused about two- 
thirds the decrease in average heat of hydration as was found for the standard port- 
land cements. 

It is stated, that, considering only the heat of hydration values, a low heat cement 
can be prepared by prehydrating with approximately 5 per cent of water. The pre- 
hydration also very materially improved the resistance of the cement to sodium 
sulphate solution as measured by the Merriman test. 

Seasoning of portland cement at elevated temperature 


Pau. S. Rotiter, Nonmetallic Minerals Experiment Station, U. S. Bureau of Mines, New Brunswick, 
N.J. Industrial and Engineering Chemistry, March, 1936, p. 362-369. Reviewed by Rey N. Youne, 


The apparatus for seasoning ground clinker, procedures and results of tests are 
described in detail. In the seasoning process ground clinker is subjected to atmo- 
spheres of steam or mixtures of steam and air at temperatures above the dew point 
under closely controlled conditions. The rate of absorption of water under these 
treatments decreases rapidly with time and increases with decrease of temperature. 
At temperatures only slightly above the dew point, rate of absorption becomes very 
rapid. Increased fineness increased water absorption over one and one-half times 
faster than the increase in specific surface. Studies were made of normal con- 
sistency, time of set and strengths as affected by different degrees of seasoning. As 
the amount of absorbed water increased up to an optimum point, the normal con- 
sistency decreased, while the time of set and strengths increased. Beyond this 
optimum point (overseasoning) the effects were reversed, particularly with respect 
to normal consistency and strength, resulting in higher normal consistency, lower 
strengths and in some cases longer setting times. In general the absorption of CO: 
resulted in higher normal consistency and shorter time of set—flash set in some 
cases. The seasoned cements offered greater resistance to changes which normally 
result from the absorption of CO?. The author holds that in the commercial produc- 
tion of cement some degree of seasoning occurs or else retardation of set by gypsum 
would be unsuccessful. The necessary water for this seasoning may be derived from 
the gypsum which is ground with the clinker. Overseasoning may occur due to 
additional absorption of water from other sources. Controlled seasoning therefore 
presents the possibilities of a more uniform product with higher strength, a more 
stable cement with respect to influence of moisture and CO? absorbed during storage 
and the elimination of gypsum as retarder, together with any of its accompanying 
evils. 


Influence of catalysts in the production of high-strength 
cements : 
W. Watson AND Q. L. Crappock, Cement and Cement Manufacture, Vol. 9, No. 1, Jan., 1936, p. 13-19. 
Reviewed by J. C. Pearson, 
In this review of the effects of admixtures on raw materials and finished cements, 
the authors add another to their numerous contributions of similar nature, published 
within the last year or two in this Journau. All investigations seem to show that 


good clinkering is of prime importance in the production of good quality cements. 
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This result is obtained primarily by intensive burning, sometimes aided by the use 
of suitable fluxes to lower the clinkering temperature. Rapid cooling of clinker is 
desirable, the effect being analagous to the quenching of blast furnace slag in im- 
proving its hydraulic properties. 


Among catalysts added to the raw mix, which include alumina, iron oxide, fluorspar, 
borax and alkali salts of various types, iron oxide and fluorspar have been attended 
with most success. Catalysts have also been added by grinding them with the 
clinker. Gypsum and calcium chloride not only serve to control the setting time but 
they also add strength. Calcium chloride has been used principally as an admixture 
to the finished cement, and the authors present a well balanced selection of references 
setting forth the pros and cons for this material. The effects of numerous other 
metallic chlorides are cited, indicating that chlorides of the alkali metals and some 
others tend to increase strength, while those of the heavy metals are injurious. 


Numerous sodium salts have been added to quicken set or improve the early 
strength of concrete. References are given to the effects of carbonate, bisulphite, 
bisulphate, phosphate, borate and silicate. The effects of hydrated lime, slag, trass, 
spent shale, diatomaceous earth and powdered iron are mentioned. The authors 
express the opinion that further investigation of the influence of catalysts on the 
process of clinkering promises far better results than additions to a cement obtained 
from comparatively poorly clinkered material. 


Volunteers Wanted for Foreign Language Reviews 


Institute reviewers (without compensation) regularly scan foreign language 
technical publications for contributions presenting something new and sig- 
nificant in the field of cement and concrete. Of the outstanding papers and 
reports they write reviews trying to preserve the essence of the original in 
very small space with some guiding comment on the importance of each 
contribution. Sometimes there is a vacancy in the corps of reviewers. Re- 
viewers understand that their work must be reasonably up to date. When 
they can’t continue the work regularly we look for someone else to take on the 
task. We should be glad to list volunteers for such work as the occasion arises. 
A reviewer must be conversant with the literature of the field so that he may 
recognize worth and novelty. “Old stuff”’ is to be avoided. An outstanding 
contribution is almost sure to go the rounds of many publications in various 
stages of “rehash.” Many publications contain little but “rewrite” stuff. 
A. C. I. reviewers aim to catch something worth while close to its source. If 
you are in a position to read foreign technical publications coming to the 
Institute; if you enjoy such work and want this opportunity to keep your 
languages from getting rusty; if you want to keep up with the literature of 
cement and concrete and welcome an opportunity that may assist in both the 
language and the subject matter; if you have a reasonable facility ia separating 
the significant from the superfluous and boiling down many words into few— 
we should be glad to have you volunteer for this work as it becomes available. 
State your language qualifications as among publications in French, German, 
Italian, Russian, Scandinavian and Spanish. 


CONCRETE RESTORATION IN WATER IMPOUNDING 
STRUCTURES* 


BY J. LAMPRECHTT 


INGER OD UCL LON 


Tue restoration of concrete will be of interest to anyone charged 
with the maintenance of buildings or other structures of concrete and 
the problems encountered are so difficult of solution that those iden- 
tified with original concrete construction may also profit by their 
recital, for probably 95 of every 100 instances of concrete disintegration 
can be traced definitely to bad aggregate, or bad mixing, or bad 
placing. 

If the concrete we place today is made properly, of good materials, 
and proper consideration is given to local conditions, it will not need 
restoration in 10 years—or 20 years—or even 30 years. It may require 
some maintenance, yes, but no restoration as we know it today, of 
structures 5, 10, 15 years old. 

While this discussion will in general be confined to the subject of 
the restoration of concrete, particularly in water impounding struc- 
tures, the hope may not be vain that it will draw attention to the 
superiority of prevention over cure in concrete generally. 

For instance, look at Fig. 1. Familiar isn’t it? Disintegration of 
concrete at the water line. We may note with some satisfaction that 
the concrete above and below this always vulnerable area is in much 
better condition, but we can’t be complacent even about that, for if 
the concrete had been made properly in the first place, it would have 
stood up even at the water line. 

A dam spillway in the Adirondack foothills, where winter brings 
plenty of ice, snow, and temperatures lower than 35° below zero, is 
shown in Fig. 2. Yet the plane of the front face of this spillway is 
probably within a small fraction of an inch of the plane of this face 
when it was built in 1900. Fig. 3, from a photograph of the structure 
taken during construction, shows that the material was placed in thin 
lifts and so dry that forms were needed only as guides. Good aggregate 
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Fig. 1—DISINTEGRATION OF CONCRETE AT WATER LINE 


Fig. 2—SpiILuwAay IN GOOD CONDITION AFTER 35 YEARS 


was used, the concrete was carefully mixed, there was no water excess, 
and it was well placed. 


Fig. 4 is of another dam spillway not more than 60 miles from the 
one seen in Fig. 2 and 3. It was built in 1921, not 1900, and look at it! 
Modern concrete—with probably all the known ills that result from 
bad aggregate, bad mixing, and bad placing—typical of thousands of 
structures in this country, and probably all over the world, under 
similar climatic conditions, while structures like that shown in Fig. 2 
are exceptional. Why? Simply because construction speed, cheap 
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Fic. 3—THE WORK SHOWN IN FIG. 2 AS PLACED, VERY DRY 


Fic. 4—(ricgut) DISINTEGRATION SINCE 1921 


material, cheap labor, play too important a part in a sham economy, 
that begets only grief to the owner for the life of the structure. An 
economy so often sham even in the first instance, for it costs little more, 
and sometimes less, to make good concrete, than to make the sorry 
material that sometimes masquerades under that name. 


Enough poor concrete has been placed to provide us a vast heritage 
of “‘sick” structures. They will continue with us for many years to 
come. What is to be done about this current bad concrete? Can any- 
thing be done of a permanent nature, or even of a semi-permanent 
nature? Or must we allow the existing admittedly bad concrete to 
continue disintegration to inevitable disuse or replacement of the 
structure. 

WHY RESTORE? 


Now there are two basic reasons which provide the urge for the 
restoration of concrete. One has to do with its usefulness, the other 
with its appearance. The structure’s usefulness is, of course, the more 
important, although not always the actual or sole cause of remedial 
action. Frequently attention is drawn to the condition of a structure 
by its appearance, which sometimes over-accentuates, sometimes 
minimizes its dangerous features. 
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Fig. 5 AND 6—BEFORE AND AFTER RESTORATION OF DOWN 
STREAM FACE 


As an example of appearance over-emphasizing a bad structural 
condition, I cite a concrete dam subjected at flood to a total head of 
18 to 20 feet at its base, which before restoration had all the appear- 
ances of a gravel bank, on its downstream face—and not too good 
gravel at that. One look at this downstream face (Fig. 5), and you ask 
“What holds it up?” Yet, although a maximum depth of three feet of 
concrete had spalled or eroded from the face, there was still a sub- 
stantial amount of dam left, and on close inspection the remaining 
material proved to be in very fair condition, so that the dam was still 
a stable and useful structure. Fig. 6 shows the same structure after 
restoration in 1934. 
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Fig. 1, shows a structure that definitely does require attention for 
its stability. It was built in 1921 and if 14 years can do that much, one 
guess is as good as another as to the result of 10 more years of the 
same set of conditions. 


The downstream face of another dam (Fig. 7) looks bad, but disin- 
tegration actually is only “skin deep.” Good.sound concrete is within 
an inch of the surface, and unless appearance means much, which it 
usually doesn’t on structures back in the woods as this one is, nothing 
need be done on that face. Further disintegration may confidently be 
expected to be slow—certainly where entrance of moisture from the 
upstream side has been eliminated or reduced to a minimum by com- 
pletely waterproofing that face, as has been done in this case. 


Generally, appearance is a factor in undertaking restoration work 
only where structures are in general view, or where appearance ob- 
viously is important, as in buildings, bridges, etc. When restoration 
is undertaken from a utilitarian standpoint, appearance of the finished 
work need not play too important a part, as will be brought out later. 
Certainly appearance is of secondary importance to utility and 
permanence. 


Fig. 7—A DOWN STREAM FACE BETTER THAN IT LOOKS 
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HOW RESTORE 


Regardless of the reason for undertaking restoration work in any 
given instance, approval will be universal that the new work must be 
as nearly as possible as permanent as the parent structure. To be this, 
the restoration work must: 

Support all structural loads to which the use of the structure subjects it. 
_ Adhere tenaciously and with certainty at all points to the original material. 


os 8 


Withstand erosion due to ice and water. 


Qu. 


_ Provide for the direct and indirect results of extremes of temperature, par- 
ticularly as reflected in expansion and contraction of the restoration material and of 
the parent structure. 


e. Be waterproof. 


This may sound trite. Of course, you say, all these things must 
apply to new work replacing old. How else” could the expense of re- 
storation work be justified? It 7s more or less axiomatic. But have 
you ever actually attempted to do this kind of restoration job? Have 
you ever tried to apply to an existing concrete structure a superficial 
layer of new material—texture, ingredients, characteristics, etc., all 
differing from those of the existing structure, in a manner that will 
insure its structural stability, its adherence to the original structure, 
its weather-worthiness, its waterproofness? It isn’t easy. It isn’t 
accomplished even in moderate degree in half or perhaps a third of all 
restoration jobs. It isn’t accomplished 100 per cent in any restoration 
job for three reasons. First, we don’t know how to do it. Second, we 
don’t know we don’t know how to do it. Third, we haven’t seemed to 
care whether or not we know how to do it. 


CONFESSIONAL 


When the subject of the restoration of concrete first came to my 
urgent attention, about three years ago, I certainly knew little about 
it, but I knew that. I still don’t know much about it, but I know that 
better, and that’s progress. As with other general engineering or con- 
struction problems, I assumed, since concrete has always had bad 
examples, and presumably has always had to be restored, that my 
task was chiefly that of referring to the experiences of others. I felt 
reasonably sure that these would present a picture of my own problems 
and point inevitably to a single or composite solution based on many 
previous trials, experiments, difficulties, failures—someone trying this 
method and discarding it; someone else trying another method and 
discarding that. Maybe in a hundred different places, under a hundred 
different conditions—at any rate so that I’d have no trouble charting 
a course with pre-known results through my own difficulties. 
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And what did I find? Some reference to the general problem of 
concrete restoration, of course, chiefly in trade media. Some examples 
of what had been done in instances not comparable to the problems I 
faced. Practically no reference to restoration of concrete in dams, or 
similar water-impounding structures. Nothing of the manner in which 
such restoration work would stand up under given weather or use 
conditions. Nothing concerning what I am now sure are routine 
characteristics of restored concrete, or how its bad features could be 
suppressed by proper installation and materials, or how their effect 
could be reduced by proper maintenance. 

Now perhaps this lack of material was not real and appeared to exist 
in my case only because I didn’t know where to look for it. Or because 
the urgency of the work precluded the possibility of taking enough 
time to look for it. Maybe so. Yet, I have since found many who 
have pioneered in this type of work—spent the productive period of 
their lives at it practically. And I am not able to say now that the 
information I have since obtained from others, apart from that arising 
out of my intervening experiences herein related, would have been 
sufficient for my purpose even had it -been available in the first in- 
stance. 

Where is the grist of the mills of past concrete restoration work? If 
it has not yet been collected, analyzed, and summarized, it probably 
never will be, and its value will of course be lost. But there is no 
reason why current experiences and lessons should not be made avail- 
able for that purpose. That is the only logical excuse for this paper, 
dealing as it does with only a small phase of the subject and relating to 
only a very few actual examples. It will fail even in that purpose, 
however, unless supported without delay and continuously by further 
data made available from similar sources. 

Concrete restoration work is identified closely with the so-called 
“gunite”’ or ‘“‘pressure-concrete” method of application, which supports 
a large, important and growing industry, inevitably allied with the 
cement industry. It is difficult to gage the present extent or probable 
growth of concrete restoration work, but if the condition of concrete 
structures everywhere is any criterion, activity along this line in the 
next few years will be sufficient justification for those industries to 
take that type of work out of the field of conjecture, and into one of 
relative certainty, by analyzing and specifying its proper functions, 
its best materials, its correct methods of application, and by deter- 
mining the results that can confidently be expected from a combina- 
tion of these. 
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THE PROBLEM—CONDITIONS, CAUSES, RESULTS DESIRED 


Requisites for the solution of any given corrective problem include 
the determination of (a) the conditions of the problem, (b) their 
causes, (c) the results desired, and (d) the methods of accomplishing 
these results. 


The actual condition of any concrete is not too apparent from a 
superficial examination of the surface. A thin surface spalling may 
make for a worse appearance than a more deep-seated difficulty. In 
many instances of surface spalling, the veneer of disintegrated surface 
material will come off in large areas if coaxed a little, and underneath 
will be found a thin layer of powder-like material overlying perfectly 
sound concrete, at an average distance of 1 in. back from the original 
surface. Only a concern for the appearance of such a structure would 
dictate restoration of its face. 


On one such structure the water side doesn’t look so bad, but in 
some areas it was necessary in the restoration process to remove a 
depth of as much as 18 in. of bad concrete before reaching a material 
satisfactory for application of new pressure-concrete. 


Usually it will be possible to determine the approximate depth of 
disintegration by hacking away a small section of the surface with any 
sharp tool, such as a brickmason’s hammer. Such a tool is also in- 
valuable during the actual restoration work in determining by the 
sound of its blow on any concrete surface whether or not sound material 
has been reached. An unmistakable ring will indicate sound material; 
a hollow sound, loose material, a dull sound, “dead” material. It will 
similarly reveal any areas of restoration work not bonded to the base 
material. 


A more satisfactory way of determining the condition of concrete 
below the surface would be by obtaining core samples, and it is sur- 
prising that the advantages of such a method apparently have not 
resulted in development of the proper tool. However, I have devised 
such a tool with Carboloy teeth, for providing a 1-in. core, and in- 
tended for use with an electric or air drill. When operated in a rigid 
vertical bearing attached to a three-legged base, with compressed 
air brought to the tool tips for removing the dust, good representative 
cores are obtainable. 


Most concrete disintegration problems in water impounding struc- 
tures originate with the scouring and seepage of water at the upstream 
face, and it is there that most of the restoration expense can be justified. 
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Inspection of the upstream face must, of course, be made when the 
water is down, with consequent expense due to loss of water, power 
or both. However, the general condition of the concrete on the up- 
stream face below the low water line is invariably much better than in 
the areas above that line, so that an examination down to the normal 
low water line will generally reveal the worst conditions. 

We may determine with as much pains as we like the condition of 
the concrete in a structure but unless we also obtain a clear idea of the 
causes of that condition, we cannot decide on the proper steps to 
correct it. Primarily the original quality of any given concrete has 
most to do with its life. Yet I hazard the statement that there is 
comparatively little concrete so bad that it would not have stood up 
satisfactorily under very favorable conditions—mild, dry, uniform 
climate, uniformity of use, etc. And correspondingly very little con- 
crete so good that it would stand up under very unfavorable conditions 
—extreme climate, acid contact (via water or air, or directly), lack of 
uniformity of use, etc. It is, then, the combination of the quality of 
the material and the conditions applying in any particular case that 
determines its history. 

Downstream face spalling may be due to direct infiltration of some 
moisture into that face, with alternate freezing and thawing. Evidence 
is lacking to support the idea that disintegration so caused is continuous 
and progressive. Rather it is probably at a minimum immediately 
after construction is completed until the skin surface is broken down 
somewhat, then progresses more or less rapidly through the thickness 
of mortar brought to the surface during construction by spading, and 
continues at a progressively slower pace with the disintegrated ma- 
_ terial actually in a protective role. In such case there is little justifica- 
tion for doing anything, unless appearances require action, and then 
the removal of the spalled material may be sufficient, although the 
addition of a surface waterproofing will, of course, prevent the re- 
currence of the spalling condition. 

However the problem is rarely so simple. Usually downstream face 
spalling results from a combination of infiltration of water into that 
face, as just outlined, plus seepage of the impounded water at the up- 
stream face through vertical construction or expansion joints, horizon- 
tal pour joints, cracks, porous concrete, etc. Obviously it would be 
better to ignore spalling on the downstream face and permit unre- 
stricted seepage there than to attempt to stop it at that face by 
waterproofing, unless the upstream face is also waterproofed. 

We reach then the conclusion that disintegration of concrete, re- 
gardless of the quality of the concrete, is due mainly to infiltration of 
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water, dissolving some of the cementing materials from it, or where 
the contact water contains certain harmful acids, ete., actually break- 
ing down either the cementing materials or the aggregate, and, in cold 
climates only, due to freezing and thawing of this same moisture 
content, resulting in a mechanical breakup of the concrete from the 
downstream surface inwardly. If this is so, preventing the water from 
entering the structure should cure all these difficulties. It will. And 
nothing else will. 


BASIC METHODS OF RESTORATION 


How then can this essential thing be done? It is patent that either 
the mass of material must be made waterproof, as might be done by 
pumping grout into it through drilled holes, in which the efficacy of 
the method in any particular case is impossible of appraisal, or a water- 
proof covering must be placed over the entire water contacting or 
upstream surface. This latter method is the one currently employed 
and is the basis of most of the work referred to here. 


How much of the water contacting surface should be so treated? 
Most dams or other water retaining structures have sluice gates or 
other facilities for unwatering down to a certain point. To get at 
the areas above this point for restoration operations involves therefore 
only the loss of power (due to loss of head and water) in power supply 
dams, or loss of water in water supply dams. Obviously, however, 
water may enter the dam structure below the normal unwatering line 
as far down as the rock line, or through the joint between the concrete 
and rock, or yet through seams in the rock upstream from the dam. 
Now it is impossible economically to close every such possible access of 
water to the structure. It is usually difficult to justify the expenditure 
necessary to unwater a structure down to the rock line along the entire 
length of the structure, to say nothing of attempting to prevent seep- 
age through adjoining rock surfaces. This brings us to the following 
wholly practical conclusions: 

1. That the point to which restoration in such structures should aim is the rock 
line. 


2. That the complete realization of that aim should be controlled by its cost, re- 
membering that while the cost of unwatering below the normal discharge level and 
of removal of the always present muck and sludge at the bottom, is exceedingly high, 
the actual advantages of waterproofing the areas so uncovered are few and less 
important, since: 

(a) Experience shows that the conerete in these areas is in the best condition. 

(b) The probability is that the bottom muck itself actually tends to waterproof 
the surface it contacts. 

(c) It is impossible to prevent all water seepage since rock seams far upstream from 
the structure may carry water to the concrete base, and 
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(d) In all cases it is necessary in any event to anticipate discharge of some seepage 
from the downstream face, this seepage arising not only from the above possible 
points of weakness but also from such leaks through the actual waterproofing as 
develop due to our old alibi—“the human element,’’ by making provision for the 
easy drainage of this seepage away from the structure after it has developed, by in- 
stallation of weeps, ete. 


VARIOUS METHODS OF RESTORATION 


There are a number of current methods of tackling the actual prob- 
lem of concrete restoration, or waterproofing. Suppose we enumerate 
first and then discuss some of the more important of them, describing 
the preparation of the existing surface, the restoration materials used, 
their application, the various finished surfaces available, the difficulties 
encountered—some common to all jobs, some peculiar to certain jobs— 
and how these various types have met the requirements listed in the 
five fundamentals listed on page 538. 

The list includes: 

(a) Wood-floated, steel-trowelled, cement-sand ‘‘plaster’’ cover- 
ing of uniform thickness. 

(b) Gravity placed concrete, dowelled and reinforced. 

(c) Brush-applied, cement-sand washes. 

(d) Pressure-concrete, applied either as a relatively thin covering, 
or in bulk, reinforced. 

The possibility of adding to the aggregate of any of these, during 
the mixing operation, various manufactured materials intended to 
reduce or eliminate cracking, spalling, etc., will be discussed later. 


THE ‘‘PLASTER’’ METHOD 


Fig. 8 shows the top of a section of canal wall before restoration, and 
Fig. 9 the same section of wall 14 months after restoration by the 
“wood-floated, steel-trowelled, cement-sand plaster’? method. The 
wall supports at the back, an earth fill reaching nearly to its top. Re- 
storation was from the ground line at the back, up over the top and 
down on the face or water side to a point 9 ft. below the top, the wall 
below being in relatively good condition. 

On this job all unsound material was removed by hand tools down 
to the point where the remaining surface was satisfactory for the 
application of the plaster coat. Since the work was done by contract, 
under a ten-year guarantee against ‘crazing, cracking or spalling,” 
decision as to what was a “satisfactory” surface for application of the 
restoration material was left to the contractor. 

After thorough cleaning of this surface, a thin ‘‘scratch’”’ coat of ce- 
ment-sand plaster (1:2) was trowelled on, and the next day a further 
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Fig. 8 AND 9—DISINTEGRATION AND CRAZING AFTER REPAIR 


coat of the same 1:2 cement-sand plaster was applied, of an average 
thickness of 34 in. It consisted of nothing but cement, sand and water, 
and contained no reinforcing. The material was placed as dry as 
possible (considering the normal tendency of the workman to ease its 
application and floating by addition of excess water) wood-floated, and 
finally energetically steel-trowelled to a smooth finish, hard to the 
touch of the finger pad, although capable when green of being nicked 
with any sharp object. 


The final surface followed with smooth contours the approximate 
surface of the concrete wall after the unsound material had been re- 


moved. No weeps were used. The total cost was approximately 
30 cents per sq. ft. 


Just after the work was completed it was a beautiful job! But 
crazes and cracks soon began to appear above the water line, and this 
condition is becoming progressively worse. To date this cracking and 
crazing is not generally accompanied by loosening of the bond between 
the plaster and concrete, although some loosening has occurred, ob- 
viously due to incomplete removal of bad base material. 


Only that part of this wall above the water line, as shown in Fig. 8 
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and 9 has been seen since restoration but it is believed that the portion 
below the water line lacks the cracking above that line. Note that the 
cracking is most prominent in the left hand section of this wall, which 
was the portion in the worst condition prior to restoration. 

Fig. 10 shows the upstream face of a short section of the spillway 
structure on the opposite side from the canal wall shown in Fig. 8, just 
after restoration to rock by the same method. Fig. 4 shows the down- 
stream face of this spillway in the same area before restoration and 
Fig. 11 just after. Fig. 12 is a close-up of the stop log groove in one 
of the platform piers before restoration, and shows the mechanical 
need for repairs. 

The work of restoration on this spillway was carried out exactly as 
in the case of the opposite wall, except that the piers were restored to 
their original dimensions by use of gravity placed 1:2:4 concrete, the 
whole then covered with the same cement-sand plaster coats, the top 
one 34 in. thick. Note the corner angles on the upstream face of the 
piers in Fig. 10 to provide added scour resistance. The present con- 
dition of piers and spillway above the water line is similar to that of 
the wall mentioned above. 

Fig. 13 shows the head gate piers at the intake to this same canal, 
with the water drawn down, the near piers having been restored, the 
others not. Note again the corner angles, placed for resistance to 
scour and to the seasonal conditions shown in Fig. 14. Ice sometimes 
acts as a cantilever slab extending out from the piers as much as 10 
ft., due to lowering of the water after formation of ice in the canal and 
and the resulting tendency to pull off the concrete pier surfaces gripped 
by the ice is obvious. The two near restored piers in Fig. 13 were 
treated exactly as were the spillway piers shown in Fig. 10 and 11, but 
in the far or third restored pier the plaster finish was omitted, which 
really qualifies it for inclusion in the “gravity placed concrete” 
restoration method next described. The cracking and crazing in the 
former two piers is marked, in the other practically absent. 

An effort will be made this spring to determine the quality of the 
concrete under the plaster, and the bond between the two, in both the 
erazed and uncrazed areas of these restored structures, by means of 
the coring tool. Until this is done, no conclusions can be drawn con- 
cerning the reasons for the conditions now existing in this covering or 
concerning the efficiency of this method of restoration given a properly 
prepared base surface, the elimination of the possibility of water 
collecting back of the plaster, and proper application and finishing. 
The above described installations will, however, due to the different 
conditions applicable to the various units restored, serve as very 
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Fic. 10—UpsTrReEAM FACE OF SPILLWAY AFTER RESTORATION 


Fic. 11—DOWwNSTREAM FACE OF SPILLWAY AFTER RESTORATION 
(SHOWN BEFORE RESTORATION IN FIG. 4) 


satisfactory field trials for the next few years for the method, leading 
finally, it is hoped, to a fairly definite determination of its applicability. 


GRAVITY PLACED CONCRETE (REINFORCED) 


As indicated above, the farthest of the three restored piers shown in 
Fig. 13 was completely treated by this method, which consists simply 
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Fic. 12—Srop Log GROOVE IN 
NEED OF REPAIRS 


of removing all disintegrated material and replacing it with new ma- 
terial reinforced not only as required by the original design or use of 
the structure, but also to provide adequate integration with the base 
material. 


This latter requirement is not subject to precise determination but 
its cost is low enough to encourage a liberal use of reinforcing, dowel- 
ling, etc. Dowels may be relied on to do their job only if imbedded in 
the old material to a depth and in such manner as to take into con- 
sideration the quality of that material and the stress to which both 
dowel and material will be subjected. 


If the functioning of a dowel is to depend on its bond with the ad- 
joining material, its hole should be big enough for imbedment of the 
dowel in new grout connecting it with the old material in the wall of 
the hole. If dependence is placed on the anchorage of the dowel at its 
end, then a sure means for such anchorage must be provided through 
the principle of the expansion bolt or the grout embedment of a hook 
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Fic. 13—HEADGATE PIERS—WATER DRAWN DOWN— 
NEAR PIERS RESTORED 


Fig. 14—Ick ON HEADGATE PIERS 


at the dowel end. These dowel requirements merit emphasis—they 
constitute the key to satisfactory mass restoration work. 


Use of this particular restoration method is, paradoxically, not 
necessarily dictated by a large volume of restoration. It will be used 
chiefly for small but bulky jobs when pressure-concrete equipment is 
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not available, or possibly coupled with pressure-concrete to reduce costs 
where the job includes both thin coverage work and large, bulky units. 
For it should be remembered that pressure-concrete is really $40-per- 
¢c.y. concrete, even in large, bulky units, and gravity placed concrete 
in sufficient volume and bulk has no difficulty in competing with it. 

It should be unnecessary to say—though experience indicates that 
it isn’t—that new restoration concrete should be placed with exact 
regard for all the well known requirements for good concrete. In 
addition, the old surface must be utterly cleaned with air or water 
or both or by other adequate means. A bond cement-sand grout coat 
intimately applied to the old surface just before placing the new 
material will help insure complete contact and bond of the new with 
the old, by filling completely the pores in the latter. 


BRUSH-APPLIED, CEMENT-SAND WASHES 


An advanced condition of spalling is indicated in the tailrace wall 
of a power plant shown in Fig. 15—so advanced that reinforcement 
placed about 6 in. back of the original surface is exposed, particularly 
in the planes of pour stops. The top crust of concrete just under the 
water table is removable in large flat pieces, exposing one or two 
inches of powdery disintegrated material overlying a thickness of 2 in. 
to 10 in. of dead or inert ‘‘concrete”’ easily removable with air or hand 
tools. The wall was originally 4 ft. thick at the thinnest point— 
opposite the outer sweep of the interior face of concrete scroll cases 
leading to the water wheels. There is no need to point out that this 
condition was caused by the water from the inside, under head, passing 
through the wall, freezing, and spalling the concrete at the outer face 
—the wall wet and dripping all over in mild weather, ice-sheeted in cold 
weather. There is no need to say that this condition could be re- 
medied in no other way than at the water source—the upstream or 
water contact face of the structure, although offers were made by some 
who should know, to solve the problem by treating the downstream 


face only. 

No restoration work whatever has been done on this downstream 
face—appearances were not important. But every water contact face 
on the upstream side was restored and waterproofed two and one-half 
years ago, and since that time the downstream face has been thor- 
oughly dry. 

In this case restoration work consisted of cutting away all bad 
material and replacing it with new. The volumes involved were 
considerable, especially in the pour joints which were recessed to a 
maximum depth of 10 in. where the material was bad. Fig. 16 shows 
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Fig. 15—SPaLLING IN ADVANCED STAGES ON TAILRACE WALL 
Fig. 16—ScROLL-CASE POUR JOINT FILLED 
Fic. 17—-WaLL FINISHED WITH BRUSH COATS 
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where the scroll-case pour joint (already filled in this view) runs in a 
general horizontal plane—the scroll-case floor sloping upward to the 
rear. In some places, mainly near the water line in the forebay, much 
material was also removed between pour planes. 


After this initial preparation and the usual cleaning with air and 
water, thin ply wood forms were erected in front of the cavities to be 
filled, the ply wood held in place by batten and brace forms during the 
first part of the job, and later, in the interest of economy of both labor 
and material, by tying the battens back to existing reinforcement or 
to expansion bolts in the adjacent wall. Pour holes fashioned in the 
top of each form provided for the easy pouring of a wet 1:1:1 concrete, 
the coarse aggregate being 34-in. crushed stone. To offset the shrink- 
age naturally expected from a wet concrete, 25-lb. of a finely ground 
iron-ammonia mixture similar to Ironite was added for each bag of 
cement. After form removal, the entire area of new and old material 
was evened up, when necessary, by bushing to a fairly smooth surface, 
ready for the addition of brush coats of grout. 

These brush coats were five in number, all mixed to a thick pea 
soup consistency and applied on the wall by means of a 5-in. medium- 
stiff bristle hand brush. Each coat was applied not less than 24 hours 
after the previous coat; the brushing motion was at right angles to 
that of the next previous coat. These five coats were made up of the 
following materials: 


First Coat—25-lb. iron to 1 bag cement 
Second Coat—1 bag cement, 1 c.f. sand, 25-lb. iron 
Third Coat—1 bag cement, 1 c.f. sand, 25-lb. iron 
Fourth Coat—1 bag cement, 1 c.f. sand, 25-lb. iron 
Fifth Coat—1 bag cement, 2 c.f. sand 


The last coat contained no iron, and was added for appearance only 
to cover the previous coat, rust-colored due to oxidation of the iron. 
Fig. 17 shows a close-up view of a section of this treatment on an 
area above water, and indicates the fine crazing which developed soon 
after the work was completed. It is difficult to test for the depth of 
this crazing since the total thickness of all five coats is not over 3 in. 
but the core drill previously mentioned will doubtless provide the 
opportunity to do so. It is hoped and believed that the crazing is 
confined to the top coat—containing no iron, which is richer than 
would now be recommended and should have been expected to craze 
on that account. 

The initial iron-cement coat was intended te provide a bond for the 
ensuing coats, the iron in this and the next three coats, supposedly 
balancing the natural shrinkage of the cement or cement-sand grout, by 
expansion due to oxidation of the iron. Its sponsors claim that any 
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seepage through the top cement-sand finish, would effect further 
oxidation of the iron content in the adjacent coats and seal any possible 
crazing therein. Whether or not just that happens is not known but 
we do have the evidence that this particular job has been successful in 
its main object—to stop seepage of water from the upstream face 
through the structure to the downstream face. 


Another thing is certain—the installation was expensive. Here was 
a case where the placing of pressure-concrete in the seams and bad 
areas (see Fig. 16), thus avoiding all use of expensive forms and poured 
concrete, and application of the grout coats by hand as described, or 
even by means of the same pressure-concrete equipment, would have 
reduced the cost considerably. The cost of the iron was high, and 
investigation might show that it could be used in smaller quantities, 
or possibly not at all. At any rate, the cost—approximately $1.00 
per square foot overall—was excessive when compared with a probable 
overall cost of about 50¢ per square foot by the all pressure-concrete 
method. 

THE “‘PRESSURE-CONCRETE” METHOD 


Conerete “shot from guns” has many characteristics that differ- 
entiate it from ordinary concrete. Its placement is unique. Its basic 
materials, sand and cement, are mixed dry at some distance from the 
point of intended application, placed in a small metal enclosure under 
air pressure, and then projected—still dry, by means of this same air 
pressure, through a hose to an ejection nozzle, where the dry discharge 
is mixed with an adjacent parallel jet of water. The thus combined 
matrix is directed at the spot intended to be covered or filled. The 
new material “grows” on the old as you watch—in the hands of a real 
expert it grows in the right direction in the right shape and with the 
desired surface texture. It appears to stick, and does stick when 
properly applied. 

Now the unusual features of ‘‘pressure-concrete”’ have given rise to 
the generally held idea that almost anything can be accomplished by 
the method; that there are few, if any, problems of coverage or repair 
or maintenance, or even new construction, for which it will not provide 
the solution; and that this may be done without much of the care 
usually prescribed, where ordinary concrete is involved, in preparation 
of the base surface, selection of materials, application, curing, main- 
tenance, etc. ; 


Well, it isn’t so. Actually some of the difficulties of poured concrete 


are much reduced in this method, as in the case of placing. Others 
are almost entirely eliminated—no forms for instance in pressure- 
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concrete work, no excess water, for its normal water-cement ratio is 
much lower than the lowest at which concrete can be poured, even 
when “lubricated.” These are real advantages too—they can’t be 
ignored. But there are also difficulties peculiar to this method, some 
in part and some totally foreign to poured concrete, such as necessity 
for skilled labor in many of its operations, exacting requirements for 
mixing, for preparation of the old surface, for placing of reinforcing; 
a proper finish is not easy to obtain, bond with the base concrete is 
critical, aggregate must be unusually clean, hard, sharp; pressure, 
angle, distance, thickness, etc., of application, all affect the finished 
job; subsequent spalling, cracking, crazing, are all too frequent—let’s 
not skip these features either. I am convinced there is no other method 
so flexible and convenient in use, so economical in its particular field, 
So permanent when properly done, as pressure-concrete—nor any so 
readily misused or misapplied, or so frequently misunderstood. No 
advantage to be gained by ignoring this, and much is to be gained by 
conceding it—and then doing something about it. 


Now I propose in the discussion of this particular method, just as in 
the more inclusive subject of general restoration, to list the conditions 
under which it is applicable, the manner in which it is currently 
accomplished, the results now obtained, some of the reasons why these 
are not all that is desired, and finally, some suggestions for improving 
these results. 


THE PROPER BASE 


Pressure-concrete is peculiarly advantageous for use in thin sections, 
where forms would otherwise represent the larger part of the restora- 
tion cost. It is doubtful if such sections may normally be less than 
1% in. thick. It may be applied on almost any concrete surface pro- 
vided, naturally enough, that the surface has been properly prepared 
by removal of all unsound material. Permanent bond of the new with 
the old is essential, but is unthinkable unless the old is sound. Which 
is not to say that the old material must be as solid and as sound as 
modern high strength concrete; but it most certainly cannot be spongy, 
loose, disintegrated. Where the old material ceases to be unfit, and 
begins to be fit for the application of pressure-concrete, can be decided 
only by those whose judgment has been schooled by experience— 
experience which will embrace pressure-concrete spalled from base 
conerete which was not good enough, as well as pressure-concrete 
which sticks and does not crack, and defies the passage of time, ex- 
tremes of weather, and other local conditions. These experiences of 
spalled or sound pressure-concrete met with in the same structure too— 


554 JouRNAL or THE AMERICAN ConcreETE InstITUTE—Proceedings 


Fig. 18, 19, 20—STacEs IN RESTORATION WITH ‘‘PRESSURE CONCRETE” 
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in adjacent sections of the same structure; which indicates that in 
pressure-concrete particularly, the price of success is eternal care— 
care in preparation of the base, care in selection of materials, care in 
mixing, placing, finishing, curing. 

Fig. 18 and 19 show about the same section of a concrete structure 
respectively before removal of disintegration and when finally ready 
for application of pressure-concrete. There is very little difference in 
the appearance of a surface ready for pressure-concrete and one not 
ready—and that is an important point. Appearance frequently is no 
guide at all to the satisfactoriness of a base for the application of 
restoration materials. As previously mentioned, the sound of a 
material under the blow of a hammer is the preferred and indeed, the 
only reliable guide. 

There will be encountered at times, however, in restoration work, 
concrete structures which defy all effort to uncover this ideal sound 
base material. Sometimes the unsoundness is not the result of a 
surface breakdown due to seepage, freezing, thawing, etc., but rather 
of a basic lack of quality in the entire body of the structure. Demoli- 
tion of the structure or its structural impairment might readily result 
from a strict adherence to the requirement for a “sound” base. In 
such cases, something short of this requisite must be accepted and 
other steps taken to insure adherence of the new material to the old. 

The steel mesh used in pressure-concrete is not a bond requirement. 
Its lack of value in that respect is obvious when the 30-in. spacing of 
anchors attaching the mesh to the concrete is considered. The mesh 
merely gives continuity to the pressure-concrete covering, reduces the 
magnitude and increases the number of shrinkage cracks. If the 
normal bond between the pressure-concrete and the base material may 
not be anticipated in any given case, a satisfactory structural bond 
may be provided by installation of a reinforcing bar mat in the pressure- 
concrete zone, this mat to be integrated by welding at its joints, and 
the whole attached to the base concrete by welding it to dowels in- 
inserted in the base to such length, in such number, and in such manner 
as to preclude the possibility of their withdrawal. The size and spacing 
of both bars and dowels, and the length of the latter will be admittedly 
arbitrary, as the forces they are to balance are not determinable 
Fig. 20 shows a close-up of a spillway crest with disintegrated material 
removed, where an added bond was thought necessary due to unusual 
conditions, and where bar reinforcement was replaced by additional 
layers of standard mesh. 

Some consecutive steps in restoration work interfere with each 
other, especially in restricted areas. A completely cleaned and 
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meshed area may be covered with a coating of “rebound” (aggregate 
which fails to adhere to the base concrete or pressure-concrete matrix 
and falls away from the restoration surface) from an adjoining area 
being “shot.’’ Deep chipping operations will deposit dust on adjoining 
areas ready for pressure-concrete. If these layers are not removed, 
they will constitute a positive preventive to “bond,” and it is im- 
possible therefore to over-stress the necessity of thoroughly cleaning 
these surfaces with available means of air or water before actual 
“shooting” begins. 


MESH REINFORCEMENT 


Since the mesh used in pressure-concrete is for shrinkage abatement 
or deconcentration, its material, wire gage, mesh measurement, and 
bond characteristics should be consented with its enveloping medium— 
pressure-concrete. 3 in. x 3 in. x No. 10x No. 10 or 4 in. x4 in. x No.7 
x No. 7 galvanized steel electric-welded wire meshes are ordinarily 
used, but an experimental study of their adequacy for the purpose 
would not be out of order. 


Ordinarily in a pressure-concrete coverage of 114 in., the mesh is 
placed with the wire centers 14 in. from the base surface, thus pro- 
viding a 1l-in. coverage of mesh, as measured from the center of the 
mesh wire. But one contention that has been made for pressure- 
concrete is that any crazing or cracking in its surface cannot go deeper 
into the pressure-concrete than the mesh. If this is so, and obviously 
it should be desirable to keep these cracks as shallow as possible, why 
not place the mesh nearer the surface? Say in the middle of the 
pressure-concrete zone, or possibly closer to the surface than that. 
Another subject for study. 


In any event, wherever the mesh is placed, a positive method of so 
placing it isimperative. It’s easy too—but you won’t get it unless you 
go after it. If the contractor has complete freedom of action, your 
mesh will almost always be quite tight against the base, because it’s 
easier to bend the expansion bolts that hold the mesh in place over 
tight against the mesh, in case their holes haven’t been drilled deep 
enough into the concrete, than to be careful to drill the holes to proper 
depth in the first place, for holding the mesh in its proper place. And 
what good is the mesh against the base concrete? In that position it 
doesn’t serve its fundamental purpose for it isn’t even imbedded in the 
pressure-concrete, and further, it reduces the area of contact of the 
latter with the base, and therefore the total bond. Yet a simply made 
and simply applied ‘‘wire chair’”’ placed under the mesh will locate the 
mesh properly. Insist on its use! 
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Fig. 21—RESTORATION AT ANGLE WITH KEYED CONSTRUCTION JOINT 


Experience shows that many of the cracks in pressure-concrete are 
developed at the vertices of interior angles in the structure, due 
primarily to the varying expansion and contraction conditions set up 
in adjoining sections of the structure of different mass characteristics. 
If the cause of these is correctly inferred, they may be eliminated or at 
least reduced in extent and size by additional reinforcement. Fig. 21 
is a top view of a large masonry structure at an angle in that structure 
(showing prominently an original keyed construction joint), with dis- 
integrated material removed and mesh applied ready for application 
of pressure-concrete. Note the added mesh at the corner to reinforce 
against cracking. 

CRACKS AND JOINTS 


What about the joints or major cracks in the base concrete? Two 
kinds generally—horizontal and vertical. The former are usually the 
result of bad original workmanship or material. They can be cut out 
and filled as in the case of any other bad spot. No subsequent cracking 
through the pressure-concrete because there’s no movement. But the 
vertical cracks are not the same. No need to determine why they’re 
there. They’re there, that’s certain—either put there in the construc- 
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tion operations as expansion joints, or to sectionalize the work, or de- 
veloped after construction due to expansion and contraction or to 
movement of some other kind. And if they are in the base concrete 
they’ll be reproduced in the restoration work. No use ignoring it— 
they'll be there. The task isn’t to prevent the occurrence but rather 
to anticipate it. The cracks in the pressure-concrete do no harm in 
themselves but they do let moisture in, and then the same old story of 
disintegration. If the correct basis of restoration work is in general 
one of waterproofing, as heretofore implied, you'll have to keep the 
water out of these cracks, and to do that the preventive must be 
applied during the restoration work, not after. 

Fig. 22, details one type of restoration joint on the upstream face of a water im- 
pounding structure, which joint I understand is patented. Disintegrated material 
(A) on the face of the structure is removed in readiness for application of pressure- 
concrete (B) with standard reinforcing mesh (C). A trapezoidal section (E) about 
21 in. deep, is scored out of the crack or joint (D) with the base centered on the 
crack and about 1 in. wide. Into the base of this groove is placed a suitable mastic 
material (G) such that it will not run under summer conditions, nor brittlize under 
winter conditions. The remainder of the groove is filled with pressure-concrete at the 
same time as the main restoration work (B) is done. Subsequently a crack (F) will 
develop in. the layer (B) over or near crack (D); water will enter from the upstream 
face but will be prevented from reaching the crack (D) by the mastic (G). Cutting 
of the mesh (C) at point (H) opposite the crack (D) tends to locate the crack (F) 
over the original crack (D). This joint is undoubtedly effective if properly applied 
in the field, and that can be done, but there again it won’t be unless properly and 
continuously supervised by someone with authority outside of the contractor’s 
organization. 

Another joint is shown in Fig. 23. It has the advantage of being easier to apply 
satisfactorily in the field. The vertical crack (F) is covered by the pressure-concrete 
pad (A) this latter acting merely as a base for the application of coats of mastic (C) 
and waterproofing fabric (D) which follow. If the surface (M) is bushed down smooth 
the pad (A) can be eliminated. After the disintegrated material has all been removed, 
and pad (A) placed over the crack (F), a layer of pitch or mastic (C) is brushed or 
trowelled thereon to a thickness of at least 4 in. and to a width of 8 in. Centered 
over the crack (F) in this mastic is placed an 8-in. wide strip of waterproofing fabric 
~ (D), and over this is brushed or trowelled an additional 1-in. thick layer of mastic 
or pitch (C). Over the entire joint, and 14 in. therefrom, are placed sections of mesh 
(B) for reinforcing those portions of the subsequent pressure-concrete layer which 
will cantilever over the mastic joint. The standard mesh (E) is then placed over the 
entire structure, both meshes are clipped over the joint, and the pressure-concrete (H) 
shot to the required depth. Subsequently the pressure-concrete (H) will develop a 
crack (G) over or near the original crack (F) but the waterproofing effect of the mastic 
(C) and fabric (D) will prevent moisture from gaining access to crack (F) in the 
original wall, Here again eternal vigilance during construction is the price of an 
adequate job. 

Details of a vertical restoration joint to be used where the joint requires restoration 
but the adjoining surfaces do not, are shown in Fig. 24. A wide, shallow groove (A), 
with sloping edges (L) is cut out so as to center over crack (C). Notch (B) also 
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centered over crack (C) is then cut out and pressure-concrete (D) is shot in as shown 
to fill notch (B) and provide a smooth pad for the application of mastic (E), fabric 
(F), and mastic (G) to a width of 6 in. Standard mesh (H) is then placed across the 
groove (A), 14 in. from mastic (G) and fastened by means of bolts (J) on each side. 
Finally, the remainder of groove (A) is filled with pressure-concrete to the original 
surface. 

Fig. 25 is a detail of the restoration of a horizontal joint where the entire area is 
restored, and Fig. 26 where only the joint or crack is restored. 

There are other currently used restoration joints, involving the use 
of metal expansion plates, etc., but for the type of work herein con- 
templated, these are too expensive, too difficult of execution, too 
problematical as to effectiveness, and in some cases, likely to do more 
harm than good to the adjacent pressure-concrete. 

In downstream restoration work the vertical joints in the base con- 
crete will again be reproduced in the restoration work, but in this case 
they are subjected to seepage only from overflow water or precipitation, 
and may in general be ignored since the open joint has the counter 
advantage of acting as a weep for seepage of possible entrained moisture 
in the heart of the structure. 


= 


CONSTRUCTION JOINTS 


There are current two methods of making construction joints in 
pressure-concrete. One in which the work is always completed in any 
one period of operation up to a “screed strip” placed for that purpose, 
providing a square face against which the next adjoining pressure- 
concrete is shot. The other, in which the pressure-concrete material 
at the end of a period of operation is thinned out, in a distance of 
about 12 in. to a feather edge, and at the next operation this wedge 
piece is covered by an overlapping wedge of similar width. 

Fig. 27 is a view of the restored face of a spillway in which the 
square horizontal joint was used. A slight efflorescence marks this Joint 
in some places and a crack is easily discernible in practically the entire 
length of this joint, indicating that a tight joint between the adjoining 
areas was not obtained——and in fact, would have been difficult to 
obtain. I have never seen such a construction joint-mark in any case 
where the feather edge joint was used, and the only possible conclusion 
favoring the feather edge joint is obvious. 


END JOINTS 


In view of frequent need for restricting restoration work to the up- 
stream face of water impounding structures, there will always be the 
necessity for a proper detail of the ending of the restoration work. It 
will not suffice merely to taper off the new pressure-concrete to an 
indefinite line, for disintegration of the base concrete will continue 
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Fic. 27—SQuUARE HORIZONTAL JOINT 


under the taper and a raw cantilever edge of pressure-concrete will 
result, defying continuance of the restoration work at a later date 
without considerable preliminary work. 

Fig. 28 is a detail of a suggested end joint, applicable to either a 
horizontal or vertical face, and Fig. 29 shows such a joint on a hori- 
zontal face before and after shooting. Note the turn-down of the mesh 
into the sound base concrete to insure no undermining of the new pres- 
sure-concrete. Future restoration work can be continued adjacent to 
this joint without disturbing it in any way. Such a joint would not be 
desirable at the top edge of restoration work on part of a vertical face. 
Nor would any other joint, as obviously any such face should be com- 
pletely restored, at least to a top horizontal plane, and preferably 
across that plane and down a short distance on the other side. 

MIX 


Mixes of pressure-concrete vary from 1:3 to 1:6, aggregate measure- 
ments being assumed at the mixing board. Since the “rebound”’ of 
aggregate during the shooting process is considerable, the actual mix 
of pressure-concrete in place is richer than the mixing board mix. 
That is, 1:24 pressure-concrete will result from a 1:3 mixing board 
mix, and 1:41 or 5 from a 1:6 mixing board mix. Crazing and cracking 
will increase if the mix is too rich and experience indicates that a mixing 
board mix of 1:4 will yield the best results. 

AGGREGATE 


Any clean sharp sand, not too fine and passing a 14-in. screen, can 
be used for pressure-concrete work. There is presumably a sand ideally 
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Fic. 29—ENpD JOINT AS DETAILED IN FIG. 28 
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graded for the purpose, but it would be difficult to obtain agreement as 
to what that ideal grading should he, difficult to obtain it economically 
in practice, and difficult to ascertain the effect of rebound on the 
grading in the finished pressure-concrete. Specifications calling for 
sand passing the requirements of the New York State Highway De- 
partment, known to be rigid as to cleanness and grading, have proved 
satisfactory. Within such restriction, the contractor should be per- 
mitted full latitude in the selection of a sand which is satisfactory to 
him for shooting purposes. 


AT THE NOZZLE 


Much depends on the actual application of the pressure-concrete. 
A good nozzle operator means much, particularly in respect to the 
proportion of water used, the angle of discharge on the surface being 
restored, the distance the nozzle is held from that surface. The distri- 
bution or build-up of the restoration material on the surface, the pre- 
vention of coverage of pressure-concrete on collections of ‘‘rebound,”’ 
the complete filling of all openings and corners in the base, cleaning the 
base of all dust or dirt—these are matters which depend primarily on 
the nozzleman, and the most intense supervision over a mediocre 
workman will not suffice in exchange for a nozzleman with a long and 
successful apprenticeship in this type of work. 

As in concrete, the less water used—assuming enough for hydration 
of the cement—the better, although again as in concrete, we find the 
nozzleman tending toward excessive use of water for easier placement. 
The distance the nozzle is held from the surface being restored affects 
the work markedly. The discharge loses velocity the farther out it 
cones, and the compactness, impermeability and strength of the 
pressure concrete are proportional to the striking, and not the nozzle 
or pressure-machine velocity. Yet pressure-concrete can be placed 
uniformly only if its spray cone has spread to a fairly large cross-section, 
the best effective range or distance from a flat restoration face being 
apparently about 36 in., to be increased or reduced as required in re- 
stricted or difficult-to-get-at places. 

AT THE PRESSURE MACHINE 


But the nozzleman is limited in what he can do by what he gets from 
the pressure-concrete machine, his control of the matrix being confined 
to the amount of water used, adjusted by means of a valve just back 
of the nozzle. A velocity of 300 ft. per second at the nozzle for the 
aggregate, and a pressure of 50 p. s. i. for the water at the nozzle are 
believed to produce the best pressure-concrete. A device for measuring 
this velocity, and a pressure gage for measuring the pressure are 
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available for installation at the pressure-concrete machine, but these 
are of little avail unless consulted continuously for correction. And 
even then are of little value unless the nozzleman maintains at the 
nozzle the conditions which they assume. 


LAYER THICKNESSES 


Specifications should call for a maximum layer of 2-in. of pressure- 
concrete to be applied on a vertical surface, and 3 in. on a horizontal 
or sloping surface. There is, however, good reason for assuming that 
any overall thickness of pressure-concrete will be more compact, more 
homogeneous, and yield a smoother top surface if placed in two or even 
three layers, each layer allowed to attain its initial set before the . 
addition of the next layer, and the top of each layer adequately 
cleaned before the next application. Patently the advantage in dis- 
charging pressure-concrete material at high velocity on a surface 
assumes that surface to be rigid, yet rigidity of that surface becomes 
progressively less as the pressure-concrete layer increases in thickness. 
Hence, the obvious desirability of applying two or three thin layers 
rather than one thick one. A smoother top or finish surface will also 
be easier to obtain since a rough wavy surface is the inevitable out- 
come of having to place the final portion of a single thick layer on the 
non-rigid base formed by the early portion. 

A field trial was made to see if the multiple layer idea would make 
any difference in the smoothness of finish, and also as a test for bond 
between the layers. The first was a difficult matter to determine in a 
small area for the nozzleman knew what was going on and this knowl- 
edge would naturally affect the result. A more extended trial in that 
direction should and will be made. The matter of bond will be checked 
by obtaining cores. If the results of these tests justify the present 
assumption of the superiority of the multiple layer method, it should 
find itself readily enough in pressure-concrete specifications. 


SURFACE FINISH 


Fig. 30 is a close-up of an untouched area of single layer pressure- 
concrete. Note the pitting due to the larger pieces in the aggregate, 
and the surface sheen. This brings up the question of the finish 
surface. There is rarely a doubt in anyone’s mind that the exterior 
surface of any masonry structure is a really vital part of that structure 
from a maintenance or life point of view. The entire solution of 
restoration problems is premised on that assumption. We have all 
seen many concrete structures ruined by the innocent enough process 
of spading in the forms, or trowelling after removal of the forms, or by 
the definitely inane bushing of the surface after the permanent set, to 
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simulate a rough stone finish. These things aren’t done so much now 
because of the lessons their doing has taught in the past. 

Now we have again with us the problem of “surface finish”—this 
time with respect to pressure-concrete. As previously stated, the type 
of structure herein chiefly referred to is generally located where the 
casual observer does not see it, and there is no great need to consider 
its detailed appearance. Granted that if a beautiful pressure-concrete 
exterior could be obtained at no extra cost, and without sacrifice of 
quality—why not have it? But you can’t. It will cost more and it 
will not be as satisfactory. Imagine if you can the pathos in a con- 
tractor’s superintendent’s plea to be permitted to “touch up” the 
surface of a pressure-concrete wall so that it will not look so rough! 
Pride in his work—yes. But a superficial pride that should mean 
nothing to the owner, for it involves scraping off, by means of trowel 
or screed, the surface of the pressure-concrete when still green, but 
after its initial set; and then the addition of a “flash” coat of pressure- 
concrete to cover the scars of the scraping operation. And the valuable 
armor of the natural finish of an untouched surface, as shown in Fig. 
30, is lost in just the place where it is needed the most—where it is not 
covered by water and hence is subject to all the punishment the ele- 
ments can mete out. Don’t let them do it! Write specifications to pro- 
vide that all pressure-concrete work will be brought to a smooth finish 
in the shooting process, and then be left alone. Exceptions must be 
made in some eases, of course, when the resulting work must be left 
to a true contact or level surface—but they should be real exceptions. 


CURING 


The necessity for curing pressure-concrete is as definite as in any 
concrete. But since pressure-concrete generally covers very large 
areas, it is not so simple. The best way of curing pressure-concrete is 
to maintain it in a continuously wet condition for the curing period, 
or until covered by more pressure-concrete. This period should be 
specified as four days, which is doubtless sufficient if really continuous. 


Here again the simplest part is to include it in the specifications and 
the most difficult to see that it is actually done. Every capable super- 
intendent knows the value of curing; knows its necessity; is or should 
be familiar with the fact that lack of it may ruin an otherwise good job. 
But the urgency of other phases of the work and a natural inclination 
to overlook details combine to nullify the insistence of the owner on 
this ridiculously inexpensive insurance against job failure. And again 
the answer is—insist on it. In large vertical areas a perforated water 
pipe can be rigged up to discharge over the edge of the work or the 
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Fig. 30—PRESSURE CONCRETE SURFACE 


areas being cured can be continuously wet down by hosing, but by 
whatever method accomplished, insist on a continuously wet surface 
during the curing period. z 


WEEPS 


The detail of a weep in pressure-concrete on a downstream face is 
important. Its purpose is to prevent impounding of water back of the 
plane between the original concrete and the pressure-concrete. Weeps 
are like dowels—they look all right after they are in, but their efficacy 
depends entirely on the manner in which they were installed, and that 
cannot be determined after the work is completed. The desirable 
length, direction and size of a given weep is a very difficult thing to 
determine in advance. Where it is intended to drain a definite flow 
of water, the task is easy. But a general seepage must be taken care 
of by a regular spacing of weeps over the area involved, with the idea 
that additional weeps may be placed where needed after the pressure- 
concrete work is completed, and the need is then made apparent by 
wet surface spots. 

Fig. 31 is a detail of a satisfactory weep to be placed either before or 
after pressure-concreting work is done. The drilled hole (A) has a 
minimum diameter of 2 in., minimum depth 24 in. in the base concrete. 
A galvanized iron pipe (B) has a minimum depth in base concrete of 
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12 in. but not less than twice the length protruding there from. Pipe 
(B) should be perforated freely with 3¢ in. holes from its inner end 
to within 2 in. of its emergence from the base concrete, to allow for 
Seepage entrance. The inside pipe bevel (D), 1 in. long, will reduce 
ponding back of the end of the pipe, and will also facilitate cleaning. 
Overhang (C) should be about 14 in —long enough to provide a drip 
and yet not enough for ice or debris to be caught on it, its outer end 
cut on the same slope as the surface to provide as little obstruction as 
possible. 

The weakness of weeps in pressure-concrete is in the possibility of 
carrying seepage to the plane between the base concrete and the 
pressure-concrete. This is avoided in the weep shown in Fig. 32 by 
making the metal pipe a tight fit in its hole, and making sure that the 
unperforated portion laps over the pressure-concrete base-concrete joint. 

Invariably weeps are placed and then forgotten. But they are in 
the nature of safety valves to preclude the possibility of building up 
impounded water heads, and as such should receive regular inspection 
for cleaning purposes. 


INTEGRAL WATERPROOFING 


Some reference has been made to the integral mixing of certain 
fabricated materials in pressure-concrete to overcome the crazing and 
cracking difficulties. In the description of the ‘“cement-wash’”’ method 
of restoration and waterproofing, reference was made to the use of an 
“fron” admixture for counteracting shrinkage and consequent cracking 
and crazing. The job of waterproofing the surface treated was there 
effective, but it is not known, as stated before, whether or not the iron 
played an essential part in this success. Extended experimental work 
would be required to make this point clear. 

During the construction seasons of 1934 and 1935, the addition of 
waterproofing materials was made in certain selected areas adjoining 
areas in which these materials were not used. There are, therefore, 
available for observation what amount to field laboratories for de- 
termining whether or not these materials have actually accomplished 
the purpose intended. 

Now the efficacy of these included materials need not be immediately 
discernible to be real, in spite of their sponsors’ claims. It is possible 
to visualize a set of conditions wherein adjoining areas, one in which 
the admixtures have been used, and one in which they have not been 
used, will show no difference in their condition for the first few years 
after installation, and yet may show a marked difference after a lapse 
of time. To date the adjoining areas referred to show absolutely no 
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difference. Each has its share of crazing and of cracking. It may be 
definitely said that their inclusion does not eliminate these feature— 
in fact has absolutely no effect on them as far as can now be seen. The 
conditions applicable to each are as nearly identical as could be on the 
same structure, and in adjoining areas on that structure. Yet it can- 
not be said, on the other hand, that they have no value for this may 
be brought out only by time. Meanwhile it appears obvious that the 
large expense involved in such inclusion is not justified, except on such 
a restricted experimental basis. 
GUARANTEE 

Much can be said on both sides of any discussion concerning guaran- 
tees. The statement often advanced that a guarantee is not better 
than the guarantor—that it is of no value from an unreliable guarantor 
and unnecessary from a reliable one, is trite. That may be true, but 
human nature being as it is, there is no gainsaying the fact that a 
guarantee is the source of much confidence in any transaction, for it 
has the three-fold effect of — 


1. Summarizing the results to be expected with particular relation to time. 

2. Eliminating at least some of the possible unreliable prospective bidders, and 

3. Emphasizing to the successful reliable bidder the hazards of a poor job from 
whatever cause, and the necessity for bending every effort to avoid its consequences. 


Guarantees in connection with pressure-concrete work have all the 
vulnerable characteristics of other guarantees, plus some resulting 
from the fact that job failures may be attributed to a greater variety 
of undeterminable or uncontrollable causes. Yet if companioned by 
a reasonable amount of freedom to the contractor in the solution of 
detail problems arising in the field, their value to both owner and con- 
tractor is real. A five year guarantee appears to be fair in view of the 
present status of the pressure-concrete industry, and the reasonable 
assumption that this period should usually be sufficient to disclose 
poor workmanship, poor materials, or poor methods. 

ANTICIPATED RESULTS 

An owner should not be adjudged unreasonable if he anticipates his 
restoration work will have, say, a 20-year life, during which little or no 
maintenance would be necessary. Lacking assurance of such a minor- 
maintenance period, it is doubtful if the general policy of restoration 
as applied to lengthening the life of concrete structures could be 
justified. This is not to say that no defects in the restored material 
would appear—no cracks—no crazing. But by the ordinary current 
methods of maintenance, the work should persist without the necessity 
of replacement for at least 20 years. 

Cracks and crazing are not of themselves an indication of failure in 
pressure-concrete. If the former go no further than the reinforcing 
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mesh, and the latter are superficial, there can be no justifiable com- 
plaint. But if the cracking goes through the pressure-concrete layer, 
so that moisture will get to the base concrete, and so lead inevitably 
-to freezing and loosening of the pressure-concrete from its base, or if 
the crazing grows into a spalling condition, either of which possibilities 
might be attributed to poor workmanship or material, we certainly 
have a job which does not come up to normal, reasonable, expectations. 

No job can be expected to be 100 per cent perfect. A guarantee at 
once implies such imperfection, and provides the means for correcting 
the faulty parts. No matter how painstaking a contractor may be, 
the human element enters into all his operations and always tends to 
lower the finished job below perfection. But the defects encountered 
should be individual and not general—they should be limited in scope 
and rare enough to be the exception and not the rule. 

Interpretation of the causes of the many and various types of cracks 
and crazing in pressure-concrete is indeed a difficult task. Careful 
inspection, study. and analysis over a long period will be necessary to 
arrive at conclusions in this regard. Until then it will be difficult to 
guard against any but the most obvious causes. One major difficulty 
underlying such determinations is the fact that most of the evidence 
which would lead to them is covered up by the work itself. One way 
to retain this evidence is by photographing all the areas involved, be- 
fore restoration work begins, after mesh has been applied, and after 
the work is completed. This will preserve for later study a record of the 
conditions prevailing at each step in the restoration work and may 
readily lead to rational conclusions as to the causes of many of the 
known defects of pressure-concrete. 

There is much to be learned concerning the pressure-concrete method 
of concrete restoration work. Let the industry take cognizance of that 
fact, determine definitely its restrictions in use, its basic and detailed 
difficulties and failures, their causes; and from such data develop 
definite and sure, rather than haphazard, specifications for a continued 
but vastly increased use. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” Journau for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 


CONCRETE MAINTENANCE* 


L. F. HARZAT AND H. G. ROBYt 


Durinc the last twenty years the practice of concrete construction 
has progressed from the stage where it required only a strong back and 
weak mind, to the basis of a highly skilled art, if not indeed approach- 
ing that of a science. The appropriations for concrete research have 
probably not been exceeded by those for any other purpose. Most 
of this study has been directed toward improvement in the manu- 
facture of new concrete. With this accumulated knowledge, good 
concrete is reasonably assured but only by the exercise of that greatest 
human quality of ‘eternal vigilance” in every step from the selection 
of the materials to the curing of the final product. 

During the last few years the manufacture of concrete for new work, 
except government work, has proceeded at a very slow pace, and 
financial conditions require the maximum preservation of the struc- 
tures we already have in order to assure them the longest useful life. 

The instances of quality failure of concrete built before our present 
knowledge of the art was available are so many, and the total invest- 
ment in crumbling, disintegrating concrete represents so vast a sum, 
that we must recognize not only the problem of building good new 
concrete but also, as a major engineering problem of equal importance, 
that of salvaging old structures. We must learn how to restore or 
_ repair old defective concrete so that disintegration can be arrested 

and so that these investments need not be written off prematurely as 
aloss. This problem has not as yet received its fair share of attention 
from engineers and research laboratories. In fact, it has not, in 
general, been recognized by the owners as an engineering problem. 


RECONDITIONING AN ENGINEERING PROBLEM 


This field of activity has been largely one for patentees or com- 
panies developing special equipment for restoring disintegrated sur- 
faces and patentees of special materials for bonding the new coat to 
the old concrete and for waterproofing the old surface before applying 
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the new. The art is now in a stage of evolution similar to that once 
experienced by water filtration. For many years, engineers were not 
called upon to specify and design water purification and filtration 
plants, but competitive bids were invited from companies controlling 
various filters and filter processes. Likewise, the work of recondition- 
ing, or restoring, defective concrete is not treated as an engineering 
but rather as a contracting problem. One must be equipped to handle 
the construction work against competitive bids in which a part of the 
sales appeal is some bonding, waterproofing or hardening compound 
or controlled equipment process. The concrete engineer as such is 
seldom consulted. 

A search of technical literature reveals the results of but little re- 
search or of open discussion to determine the merits of the various 
proprietary remedies for the diseases to which poorly constructed 
concrete is subject. Independent research laboratories with due dis- 
cretion seldom investigate or pass upon proprietary products or 
processes. The information available concerning these processes or 
materials is often not complete and is seldom of the type developed 
in scientific laboratories. 

The art cannot advance in proportion to its importance without 
research and open discussion. The several proprietary remedies are 
for the most part simple chemical compounds or mixtures well known 
to experienced concrete engineers under their true chemical names. 
These remedies are not all bad or even indifferent; in fact, some are 
known to be even good in their proper application and some com- 
panies are undoubtedly doing meritorious work. But the problem is 
vastly greater than special admixtures, adhesives, waterproofing 
materials or equipment. It is an engineering problem of the first mag- 
nitude, one that is now in a very unsatisfactory state because of con- 
flicting claims and lack of proven merits which would be revealed by 
published research. The situation calls for a vast amount of study to 
save from premature decay many millions of dollars worth of in- 
correctly built concrete. 

The danger and tendency in the present situation is that a given 
material or process will be urged for all conditions whether applicable 
or not, whereas the professional concrete engineer is at liberty to 
recommend any material, process or equipment best suited to special 
conditions. For his purpose there should be recognized standard 
specifications defining the essential requirements for applying a new 
surface coat on old concrete, for testing the bonding or waterproofing 
value of materials and any special workmanship details offered in 
competition. 
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The specifications should be broad enough, until knowledge is more 
general, to admit to competition all proprietary equipment, materials 
or technique of application, subject to test and demonstration of 
merit before application. Purveyors of products of merit would have 
nothing whatever to fear from such procedure. The good would 
survive, and in time become established and their business improved; 
the poor would fall by the wayside, which they should do. 


The authors’ interests are more directly concerned with problems 
of dams and hydraulic structures, probably the most susceptible to 
attack by seepage and frost, and the most difficult of any structures 
to repair. During the season of 1932, one of the authors was interested 
in the repair of disintegrated concrete of a large dam in a northern 
state, the preliminary studies and negotiations for which revealed the 
state of the art as has been described. It is believed that a description 
of this repair and reasons for selection of adopted methods will be of 
interest to concrete engineers and especially those concerned with 
masonry dams. 


DISINTEGRATION OF CONCRETE DAM 


The dam was built in 1922 of a natural gravel without regrading. 
Ample tests at the time indicated absence of organic matter and 
satisfactory strength of compression specimens of specified mixture 
from stratum selected for use in concrete. The dam was built by the 
owner’s own forces and no engineering inspection of the work was 
called for by the owner, although a consulting engineer was employed 
to prepare the design. The history indicates that every principle and 
practice essential for making good concrete was violated, including 
carelessness in stripping of clay over-burden from gravel pit, use of 
excessive mixing water, “hydraulic sluicing” of concrete in flat spouts 
and in the forms to save shovelling or moving of spouts for proper 
distribution, continuous piling of concrete in huge conical piles from 
fixed spouts, the thin materials washing to the distant parts of the 
forms, the gravel remaining in a central cone. 


Ten years after construction, repair became essential. The surface 
of the ogee spillway had disintegrated and washed away for a depth 
of several inches. Construction joints were visible by laitance seams 
throughout the structure. In some places concrete could be dug with 
a pick. The gate piers required complete removal and rebuilding. In 
the course of removing the old piers the concrete was found to be 
relatively sound above the elevation of the top of the gates, requiring 
air tools; but below this elevation removal work progressed three or 
four times as fast. The conclusion is apparent that the pier concrete 
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Fic. 1 (LEFT, ABOVE)—DISINTEGRATION OF CONCRETE ON DOWN- 
STREAM WALL OF POWER HOUSE 


Fic. 2 (RIGHT, ABOVE)—DISTANT PIER DISINTEGRATED; NEAR 
PIER REPAIRED 


Fic. 3 (LEFT, BELOW)—DISINTEGRATION OF GATE PIERS AND 
SPILLWAY 


Fic. 4 (RIGHT, BELOW)—DISINTEGRATED CONCRETE REMOVED 


FROM SPILLWAY AND DOWELS PLACED READY FOR NEW 
CONCRETE 
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below pool level, where continuously saturated, had been ruined either 
through solution by seepage water, or by freezing, or jointly. Concrete 
upstream of the gate sills seemed to be in fair condition. 

Concrete in a dam in cold climate is sure to be subjected to a freez- 
ing temperature to great depth on the downstream side often nearly 
through the dam. Whether a concrete can stand the expansive force 
of water in its pores depends upon the tensile strength of the concrete 
and the thickness of the walls surrounding each pore. A pipe with thick 
walls will not burst by water freezing within it, while a thinner walled 
pipe will burst. The thickness of the pore walls is an inverse function 
of the porosity. 

The Portland Cement Association has demonstrated amply that 
disintegration by freezing progresses from the surface inward. The 
residual concrete, if originally of good quality, can withstand many 
cycles of alternate freezing and thawing temperatures, even when fully 
saturated, before its strength is seriously impaired. The theory which 
seems to explain this fact is that only the water in the pores close to 
the surface actually freezes because the strength of the walls surround- 
ing the deeper pores prevents the expansion accompanying freezing. 

The repair of any concrete subjected to water pressure, should, if 
possible, be made by placing a new impervious and waterproof surface 
on the upstream side. Such procedure was impracticable in this case 
without drawing the water down, thus interrupting operation for 
several months for cofferdamming and repairing. Even if such a 
repair were made it would not eliminate the need of a heavy new face 
of concrete on the downstream spillway surfaces, to arrest disintegra- 
tion. Extensive grouting through closely spaced holes near the up- 
stream face was suggested for filling the seams and joints, but it was 
not thought the cement would penetrate the large mass of porous con- 
crete sufficiently to produce the necessary water-tightness unless the 
holes were very closely spaced. 

None of these methods would obviate the absolute necessity of re- 
pairing the downstream face of the dam against further erosion and 
weathering. If in this repair the downstream face could be made im- 
pervious and thus produce a water-tight structure, it was hoped that 
the necessity and tremendous expense and interruption to operation 
for a new upstream face could be saved. At least no unnecessary work 
would have been done to try this method. 


REPAIR MEASURES 


To make a proper repair, this new downstream facing must be: 1— 
Essentially water-tight and as dense as possible; 2—Anchored to the 
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old concrete sufficiently to withstand full headwater pressure; 3— 
Bonded to the old concrete, after cutting off all disintegrated material, 
so well that only individual pores and no extensive area of separation 
will ever form at the contact; 4—Placed upon a surface of sufficient 
roughness or undulating contour to prevent the possibility of “creep- 
ing” and consequent separation from the old surface as the result of 
shrinkage and temperature changes; 5—Thick enough to have strength 
and rigidity in itself and to minimize the number of cycles of freezing 
and thawing which reach to the depth of the old concrete; 6—Rein- 
forced to span between anchor rods with negligible deflection. 

One-inch round anchors were grouted at least 40 inches into the old 
concrete on variable spacing and designed to develop strength to resist 
full headwater pressure in a sheet behind the facing, should such an 
unlooked for emergency develop. It should also be observed that the 
maximum head of 50 feet could produce only about 23 pounds per 
square inch of tension between old and new concrete which a carefully 
bonded joint should readily resist even without dowels. 

Bonding was accomplished by first chipping out, with air chisels, 
all weak and defective concrete amounting to perhaps 8 in. in average 
depth. The surface was sandblasted just before placing concrete to 
remove organic matter which formed subsequent to the chipping, due 
to leakage from gates or stoplogs. After sandblasting, the concrete 
surface was washed with water and blown off with compressed air. 

Laboratory tests were made of several proprietary bonding materials 
without indicating any advantage in this case over a well compacted 
mortar. In the absence of a distinct proven advantage, it was pre- 
ferred not to introduce a plane of separation by foreign material. 
Available knowledge of bonding materials is greatly in need of research 
and our tests to date are not sufficient to rule them out. The following 
procedure was adopted: 

A few inches ahead of the rising concrete level in the forms, the old 
surface was moistened and brushed with a thin coat of neat cement 
paste. A plaster coat of 1:3 mortar was then applied by hand by 
throwing it forcefully against the old concrete and following up by 
vigorous slapping with the palm of the hand, protected by rubber and 
canvas gloves. This technique was borrowed from L. W. Walter, 
Concrete Engineer of the Erie Railway. It is believed that the blow 
serves to cause relatively deep penetration of the neat cement into the 
pores of the old concrete. It produced a bond which, by test, was 
always stronger than the old concrete. 

For reinforcing steel one-inch round deformed rods were placed on 
12-in. centers both ways, 6 in. in from the surface and continuous along 
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the ogee slope. These were broken horizontally at construction joints. 
The location and spacing of construction joints furnished one of the 
major problems. 

The new facing had a minimum thickness of two feet and average 
thickness of about 2 ft.8in. It is believed that with this thickness the 
frequent temperature changes which would alternately freeze and 
thaw the surface will not penetrate into the old concrete which should 
remain frozen practically all winter and, at most, experience only two 
or three cycles per year instead of many. 

Repeated cycles of freezing and thawing in good concrete do not 
have any material effect except at the surface. If the underlying 
concrete is porous and weak, however, this protection should be of 
considerable value. 

Experience to date indicates that the procedure as outlined has been 
successful and if, as anticipated, water pressure has developed in the 
old concrete against the new facing, no detrimental effect is evident. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” Journau for Sept.-Oct. 1986. Discussion 
should reach the Secretary by Aug. 15, 1936. 


MAINTAINING CONCRETE STRUCTURES* 


BY FRANK W. CAPPT 


INTRODUCTION 


Concrete structures, like those built with other materials, are 
subject to the destructive attacks of weather and service. Like other 
structures too, they may require alterations to meet changing condi- 
tions. To make necessary alterations or extensions and to keep the 
structure in a proper state of repair is the field of activity of the main- 
tenance engineer. If the American Concrete Institute, through such 
sessions as this, can help build up a technology in this branch of 
engineering, it will have added materially to its long list of important 
contributions to the field of concrete construction. 


That general “good practice” in maintenance work has not been 
developed is evident by the numerous loosened patches, unsightly 
surface treatments, and crude attempts at repair with which the 
country is dotted. Some unsuccessful repairs may have been due to 
a lack of understanding of the original cause of the failure. Others 
are due to the inherent difficulties of the problem and still others to 
having been misled by claims in behalf of special methods or compounds 
of doubtful merit. Some of the special materials and methods offered 
have shown merit in meeting the requirements in particular structures. 
Such successes, however, have sometimes encouraged extravagant 
claims regarding them and resulted in their use in cases to which they 
were wholly unadapted. 

DIAGNOSIS 


A correct diagnosis of what is wrong is imperative for successful 
treatment. The location, nature, extent and probable future progress 
of the troublesome condition should be noted. The service character- 
istics of the structure, including the type, functions, exposure, loads 
and the like, should be understood. 


A favorable time to examine a structure for defects is following a 
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rain while drains are still active but after some drying has taken place; 
still better, when a rain has been followed by a freeze or during a thaw. 

An important first step is to determine whether the basic trouble 
ss with the concrete as a material or with the structural assembly or a 
combination of the two. Failure to differentiate between these is apt 
to lead to the adoption of the wrong method of repair. 

If the trouble is with the concrete as a material, it may be due 
either to mechanical forces or to chemical causes. 

If the defect is structural, load conditions, foundation, temperature 
changes, drainage and related factors should all be studied. 

Complex and numerous combinations of factors may exist, but so 
much of the poor performance of concrete structures has been due to 
(1) occluded water plus low temperature; (2) corrosion of reinforcing 
bars; and (3) unanticipated stresses; that these three conditions will 
be given principal consideration here. 

Structures exist today in splendid condition after extended periods 
of severe service which demonstrate that older specifications, when 
carefully followed, produced concrete structures of excellent character. 
Under recent specifications which include up to date improvements in 
design and construction, most of the defects cited here will be inex- 
cusable. 


1. Occluded Water Plus Low Temperature 


This combination is the most disruptive agency to which concrete 
is subjected and the one most common in climates having freezing 
temperatures. If proper resistance to this combination be developed, 
usually little or no fear need be felt concerning other forms of attack. 

Fig. 1 which shows the ‘Relation Between the Freezing Point of 
Water and the Pressure Under Which the Water Exists’ deserves 
attention. Normally, water freezes at a temperature of 32°F. and in 
changing to ice increases in volume about 9 per cent. Should this 
expansion be restrained by pressure after the water reaches a tempera- 
ture of 32°F., it will remain liquid down to a temperature of —8°F. 
At 30°F. 2,000 p. s. i. must be applied to prevent formation of ice 
with its large expansion. At —8°F. the enormous pressure of 30,000 
p. s. i. is necessary to prevent freezing. 

Climatic exposure varies throughout the country as indicated in 
Fig. 2. Records of 200 U. 8. Weather Bureau stations for the 5 years 
1924-28 were plotted to give these curves of isoalternations of freezing 
and thawing per annum. The numbers of such alternations for various 
parts of the country are surprisingly high. Portions of structures in 
direct sunlight may have many more alternations than those indicated. 
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Fig. 1—THE RELATION BETWEEN THE FREEZING POINT OF WATER 
AND THE PRESSURE UNDER WHICH THE WATER EXISTS 


The great number of such alternations in the intermountain sections 
of the West should be noted. Weather records from a few stations in 
Northern Canada show that the number of alternations there may be 
less than points farther south. 

Severity of exposure on any portion is determined largely by the 
position it occupies in the structure. A few inches in location may 
make a lot of difference. 

When water is entrapped within concrete in freezable concentrations 
and where there is no room locally for its expansion, freezing tempera- 
tures may do great damage. Such water may be held in large pores, 
in cavities, behind facings, under toppings and in joints. (Fig. 3.) In 
small cavities and pores of microscopic size water will not freeze except 
at temperatures lower than 32°F. However, when water freezes in 
the larger pores and spaces, the ice there forming draws water from 
the finer voids. Where a supply of water is available, as from wet 
earth, the water content of the portions of the concrete where freezing 
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Fic. 2—Iso-ALTERNATIONS OF CLIMATIC FREEZING AND THAWING. 
BASED ON U. 8. WEATHER BUREAU DATA FOR THE 5 YEARS 1924 To 1928 


is taking place is increased. A number of cycles of freezing and 
thawing may cause these portions to become so nearly saturated that 
the expansion of water while freezing cannot be accommodated and 
exerts pressures somewhat as indicated in Fig. 2. When such pressures 
occur locally, incipient breaks occur and tend to enlarge as ice crystals 
grow. Concrete of non-uniform texture is more susceptible to this 
kind of damage than that of uniform texture. Where breaks occur 
suddenly, the instantaneous release of pressure causes water to change 
to ice with explosive violence. Many phenomena observed in con- 
crete so exposed, such as layering, the rounding of corners and edges, 
scaling and the like, may be readily accounted for in this way. An 
example of the great force exerted by the freezing of trapped water in 
large cavities is shown in Fig. 4. A 2-in. iron pipe 1 ft. from the face, 
set during construction, to observe temperatures during the setting of 
the concrete had not been plugged at the top and water had accum- 
ulated in its bottom. In freezing, this water had caused a flat, conical 
spall about 10 ft. in diameter. 

Fig. 5 shows a spall 19 in. x 1314 in. x 6 in. deep which is typical of 
several along the same wall. In these cases water was entrapped in 
small metal boxes set to receive heads of anchor bolts. The concrete 
in both Figs. 4 and 5 seemed to be of good quality. 
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Fic. 6—THE DESTRUCTIVE EFFECT OF WATER FREEZING IN THE MINUTE 

CAVITIES OF A CHERT AGGREGATE CAUSED THIS DISINTEGRATION IN 

BOTH PEDESTALS AND DECK SLABS. THE DISINTEGRATED MATERIAL 
HAS BEEN REMOVED FROM THE PEDESTALS 


An instance is shown in Fig. 6, for which the freezing of water in 
extremely small spaces was responsible, but here the cause is not so 
evident. These two views are from the same bridge. All the tower 
pedestals as shown on the left exhibit the same defects to a greater or 
lesser degree. The condition of the concrete in these is better near the 
ground, towards the interior, and on the sides down which water does 
not drain. The precast slabs in the right-hand view rest on the top 
flanges of steel deck girders and are so seriously disintegrated that 
passing trains frequently caused sizable chunks of concrete to fall. 
These slabs are about 9 in. thick and the gravel ballast they carry is 
commonly saturated with water. Their curbs and the bottoms out- 
side the girders are exposed to severe temperature changes and wind. 
No evidence of disintegration was noticed during the annual inspec- 
tions of this structure until 8 years after its completion. Since then, 
the disintegration has been at a progressively increasing rate. 


The major cause of this disintegration has been traced to the use 
of a pit run brown chert gravel as aggregate. This, despite the fact 
that coarse pieces of gravel from the same source successfully withstood 
in the Laboratory 150 cycles of sodium sulfate treatment and the same 
number of cycles of freezing and thawing. Concrete test specimens 
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from this gravel withstood in the Laboratory less than 10 cycles of 
freezing and thawing, after which a visual examination showed the 
aggregate to be shattered and greatly at fault. Microscopic studies of 
the aggregate showed that it contained numerous relatively large 
cavities surrounded by material of fine texture. A number of the 
larger pieces of this gravel were submerged in a pan of water and a 
vacuum created during which a considerable amount of air was seen 
to leave the aggregate. Immediately following this, these same pieces 
were subjected to freezing and thawing with the result that they were 
badly shattered in from 5 to 10 cycles, about the same number as 
produced failure in the concrete test specimens made with this ag- 
gregate. This serves to illustrate the destructive effect of freezing 
temperatures when water is held in extremely small spaces. 

2. Corrosion of Steel 

The corrosion of reinforcing bars gives rise to some common prob- 
lems in maintaining reinforced concrete structures. An appalling 
amount of carelessness in placing and protecting reinforcing bars is 
apparent to even the casual observer. (Fig. 7.) 

Corrosion requires the presence of both moisture and air and is 
accelerated by chemicals such as the acids found in smoke, sea water, 
brine, etc. It is nearly as common in the south, particularly near salt 
water, as in the north. Consequently, the quality of the concrete 
specified for reinforced members for outdoor exposure should corres- 
pond to that further north. 

Members of small dimension are most often affected. Bars in 
corners need more cover than those near flat surfaces. Bars of large 
size must be given more protection than small bars. ; 

Alternating cycles of wetting and drying promote aggressive attack. 
Rust commences at some vulnerable spot where there is insufficient 
cover either due to thickness or to the poor quality of the concrete, 
and may progress to places otherwise properly protected. Main bars 
not properly supported during construction, tie bars and stirrups too 
close to the surface and corrodible chairs usually furnish the starting 
point for corrosion. 

Where bars have sufficient strength of cover (due usually to depth) 
the pressure from the forming rust may be resisted, thereby excluding 
air and checking corrosion. For this reason, the prevalent notion 
that small shrinkage cracks are necessarily breeders of rust is ill- 
founded. 

Fig. 8 shows a beam bottom in a railroad pier along the Atlantic 
seaboard. Of course, sea water was blamed for this. An examination, 
however, will show that the mortar from a harsh wet mix was strained 
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Fig. 7—THE CONCRETE WAS SPALLED BY THE CORROSION OF REIN- 

FORCING BARS ALONG TWO MILES OF THIS BRIDGE RAILING. WHERE 

PROPER PROTECTION WAS GIVEN, AS IN THE LARGE POSTS, THE CONCRETE 
WAS NOT AFFECTED 


through the bars and coarse aggregate and was puddled so as to form 
a thin surface film. The concrete resulting afforded little protection 
against corroding influences. Such members are difficult to repair. 

Fig. 9 is a close-up of cracks originating around a bar and illustrates 
the enormous force which may develop from corrosion. 


~ 
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Fig. 8—RustT STARTED WHERE BARS HAD INSUFFICIENT COVER, AND 
PROGRESSED ALONG THE BARS. THE NON-UNIFORM CONCRETE RE- 
SULTING FROM PUDDLING HARSH WET MIXES IS OF INTEREST 


Fiqg. 9—CRACKS FOCUSING AT THIS BAR INDICATE THE FORCE 
PRODUCED AS RUST FORMS 


Fig. 10 (R1igHT)—LEVEE PLACED AFTER THIS BRIDGE SUPPORT WAS 
BUILT CAUSED IT TO SETTLE AND CRACK THIS CONTINUOUS GIRDER 
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Fig. 11—THE OPENING PROVIDED IN THE DECK AND RAILING WAS 
LESS THAN BETWEEN THE ENDS OF THE CANTILEVER GIRDERS AND 
THIS DAMAGE RESULTED 


3. Unanticipated Stresses 


Some things that should not, but commonly do happen are: 
(1) Foundations settle and cause terrific local stresses. (Fig. 10.) 


(2) Hand rails, architectural features, pavements, walks and the 
like, sometimes are built monolithic with main members without 
having been designed to carry load. Deflection of the main members 
may force such minor and weak members into action and cause damage. 
(Fig. 11.) 


(3) Splitting and tearing at joints due to expansion from temperature 
and the flow of plastic fillers is common. These fillers may not respond 
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to retreating expansion and permit infiltration of water and foreign 
material. Pressure through such soft and non-uniform material may 
produce numerous local shatter cracks. Pressure at such a joint (or 
crack) when water is present during freezing temperatures, is par- 
ticularly damaging. 

4. Accumulated deformations may be highly destructive and cause 
unsightly defects. A slippage under stress, a joint filling with solid 
material, any “dogging” preventing return, and soon something must 
give. Curved walls and so-called sliding joints are examples in which 
these conditions, often exist. 


MAINTENANCE METHODS 


Considerations in the repairing of structures are almost as varied 
as the conditions that have made the repair necessary. Most corrective 
measures are intended to insure the serviceability and extend the 
economic life of the structure. These may involve anything from 
complete restoration to original outline to makeshift repairs that meet 
the minimum requirements of safety and usability. The reason for 
repairing as well as the nature of the deterioration and its rate of 
progress must therefore be considered in each operation. Com- 
paratively deep disintegration on a dam or massive structure in the 
wilderness may cause no concern, whereas even a light surface attack 
which disfigures the appearance may be highly objectionable in a 
structure in a city park. 

Frequently, defects from poor workmanship which affect only the 
surfaces, corners, edges, fill planes and the like, are stopped by better 
concrete at shallow depths. Unless appearance is important, such 
defects can often well be left alone or action deferred indefinitely. 

The maintenance methods to be followed in dealing with the three 
major causes of deterioration herein discussed are outlined below. In 
all cases the conditions responsible for or contributing to the deteriora- 
tion should be corrected if possible. This is doubly important when 
the concrete is of inferior quality and incapable of offering proper 
resistance. 


For Freezing of Occluded Water 

The chief considerations here are: 

(a) To correct those water conditions which keep the concrete 
saturated or permit water to be trapped or occluded; 

(b) To discourage the non-uniform retention of water; and 

(c) To reduce intermittent wetting and drying. 

Drainage is often the most practical and effective method to ac- 
complish all the above. 
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Fiq. 12—WHERE REPAIRS ARE MADE WITHOUT ALSO CORRECTING 
THE DRAINAGE, SUCCESS CANNOT BE EXPECTED 


A waterproofing membrane or other impervious surface treatments, 
applied so as to prevent the entrance of moisture, are advisable for 
some cases. Any surface treatment or method sealing water within 
the body of the concrete, or enclosing water by any portions thereof, 
must be carefully avoided in freezing temperatures. (Fig. 12.) When 
placed to prevent the entrance of water, punctures in the membrane 
and tears in flashings must be prevented. 

“Keep the water out if possible, but if it gets in provide an easy way 
out’’—is a good slogan for the concrete maintenance engineer. 
Corrosion of Steel 

The correction of water conditions here also is of prime importance 
particularly if wetting and drying are frequent. Little or no attention 
need be devoted to steel in members continuously saturated or below 
ground level, the latter only if certain electrolytic conditions exist. 

Where bars have had insufficient cover and where clearances do not 
permit encroaching on the former outline, it will be necessary to cut 
completely around such bars and often replace them. If rust has 
progressed entirely around a bar so that it is bent outward, again it 
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Hisitoes 


Fig. 13—Couumns oF “‘CRACKERJACK’’ CONCRETE AND REINFORCING 
BARS OUT OF POSITION FINALLY HAD TO BE REPAIRED 


will be necessary to cut completely around the bar. New bars that 
are needed for strengthening and for replacing old ones must be set 
back from the surface far enough to insure proper protection and 
anchored and tied into the old concrete. (Fig. 12.) 


Unanticipated Stresses 

Here again the correction of the responsible conditions is imperative. 
Such usually will require a structural analysis. 

Settling foundations must be underpinned or the bearing capacity 
of the ground improved. At times it may be possible to remove local 
damage caused thereby and repair as outlined for similar defects from 
other causes. 

Where minor parts fail from carrying unanticipated stresses, they 
often may be relieved by cutting into sections and providing more 
clearance. Where plastic fillers or local adhesions have caused local 
defects, it is often feasible to remove them and provide spaces which 
are self-draining and self-cleaning. 

Concrete for Repairs 

Whenever new concrete is to be applied to old concrete the questions 

arise—‘Will it stay put?” ‘What will it look like when it dries out?” 
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A good bond is essential to structural integrity. To achieve this, 
a cement film must attach itself to every particle of the receiving 
surface and be left undisturbed while adequate strength develops. Air 
or water films on any portion of this surface must not be permitted to 
form. To avoid this, a slightly absorptive condition of the receiving 
surface is commonly specified. 

Another satisfactory method which has not received the attention 
it merits, is that of applying dry cement to the thoroughly wetted 
receiving surface. In this, dependence is placed on the pull between 
the water in the surface pores and the dry cement. 

Patches should not be carried across active cracks or joints. 

The volume change characteristics of the new concrete should 
correspond to those of the old in its present state so that differential 
movements will not take place and injure-the bond. Because the re- 
ceiving surface has undergone early adjustments, particular attention 
is necessary to make the new concrete of a low water-cement ratio, a 
low cement factor, and compacted more thoroughly than for new 
construction. For the sake of appearance the materials for the new 
concrete should be essentially the same as in the old unless the service 
shows these to be unsuitable. 


The new concrete must be protected against displacement or slump- 
ing from inadequate support, over thick applications on steep surfaces, 
and from premature loading. : 

The new concrete must be protected and cured even more carefully 
than for new structures because the old concrete may absorb moisture 
too rapidly from the new material. Furthermore the temperature of 
the old concrete may be too low for the early development of strength. 
Curling of patches may easily follow and the bond be broken locally, 
particularly around its edges. 

The technique for applying new concrete to old concrete and for 
making general repairs is well handled in the “Specifications for Re- 
pairing Deteriorating Concrete’ 1933, of the American Railway 
Engineering Association. These specify the same materials as for 
other well controlled concrete, placed and protected by methods 
adapted to this type of work. 

I shall therefore close by referring maintenance engineers to these 
specifications for details to be followed to satisfy the fundamentals 
herein discussed. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” Journau for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 


STUDYING THE DURABILITY OF CONCRETE* 


BY C. H. SCHOLERT 


MEMBER AMERICAN CONCRETE INSTITUTE 
EN ADPRLORD UCL TORN 


Bacx in dim pre-historic times when mankind first began to abandon 
the natural shelters afforded him by caves and hollow trees, he looked 
about for a cheap, easily handled, durable construction material 
from which to fashion his crude shelters. For centuries his wants were 
so simple that cairns of loose stone or mud-daubed thatch satisfied 
his needs. But with growing intelligence, and a mastery of the elements 
of fire and water, he sought more permanent building materials. 

These wants are still unsatisfied, and today, with concrete acknow- 
ledged to be our most durable, reasonably priced material of construc- 
tion, we find him dissatisfied with the product and seeking ways in 
which to make it even better adapted to resisting the elements. 
Could the engineer of less than a century ago have had assurance 
of a material even a fraction as economical to handle and as resistant 
to the elements as is our modern concrete, he would have thought 
that the millennium had arrived. For some reason our demands 
always keep ahead of our ability to supply them. Our paupers on 
relief revel in luxuries of which the early English kings never dreamed. 
We seek for social security, economic security, spiritual security, and 
durable construction materials, never quite catching up with our 
wants in any direction. 

There is little doubt that concrete of today is of better quality 
than was ever before built, but the examination of our older structures 
which are beginning to show distress and deterioration indicates that 
the ravages of time and the elements will eventually destroy it, and 
we are still seeking means of improving its resistance to these forces, 
seeking some method of predicting what the next structure we erect 
will do as compared with those of our previous experience. In all 
walks of life we find that after men get old they look back upon the 
days of their youth and remember that it was attractive and rosy. 
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They recall the spring of hope that forever flowed within their breasts, 
particularly in springtime, and are thoroughly convinced that the 
present generation is in a state of degeneration and the only possible 
hope is to return to the conditions as they were in their childhood. 
So in the field of construction, we find engineers old at least in mental 
processes if not in years, who are thoroughly convinced that our 
concrete of today is vastly inferior to the concrete of forty years ago; 
that we must return to the days of our youth and attempt to retrace 
our steps. Perhaps we should return to the days of our youth and 
retrace our steps. Almost any of us could in some ways, improve the 
resulting product, but this is impossible. We cannot return to the 
kind of concrete we built forty years ago even if it were desirable. 
Construction methods, labor costs, transportation methods and costs, 
the time element, all have so radically changed that we could not do 
it. The many excellent old structures which have been standing for 
decades indicate to some extent, what we may expect from high-grade 
concrete construction. We can still secure that type of construction 
and without question, many of our modern structures will give even 
better accounts of themselves. 


EFFECT OF CEMENT ON DURABILITY 


In studying the durability of our structures, and trying to devise 
means of producing more durable concrete, and to measure its probable 
durability, we will have to study both the past and the present, and 
try to anticipate the future. Let us begin with the present and start 
with the design of a concrete mixture which without doubt is one of 
the significant phases of the life history of a concrete structure. Con- 
crete is composed of the cement, water, aggregate, time, temperature, 
and energy which went into the mixing and placing of the component 
parts. Probably the most important element in concrete is the 
cement, although as a matter of fact, it is almost as difficult to pick 
the most important component of a concrete mixture as it is to pick 
the most important component of our bodies. In predicting the 
probable effect of the cement on durability our studies quickly come 
up against a dense, blank wall of ignorance as to just what the proper- 
ties of cement or what the composition of the cement may have to do 
with the probable durability of the concrete made from it. We do 
know this, however, that strong concrete is more durable than weak 
concrete; that concrete should not be easily permeated by water. 
That concrete cannot be much better than the aggregate of which it 
is chiefly composed. 

Variations in the composition of the cement unquestionably affect 
to a certain extent, the strength of the resulting concrete; they affect 
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other properties of the concrete which in turn reflect upon other 
variables and probably do affect the durability and resistance to 
disintegration. It is now generally agreed that excessive quantities of 
tricalcium aluminate in a cement produce concrete having lower 
resistance to sulfate waters and sea water than concrete made from 
cement having smaller quantities of tricalcium aluminate. There 
are however, some very striking examples of concrete made from 
cement supposedly high in tricalcium aluminate which have given 
very satisfactory service when exposed to sulfate water. Recent studies 
reported by F. M. Lea indicate that perhaps we do not know what the 
compound composition of our cements really is unless we keep much 
closer control of our burning and cooling conditions than is customary. 
According to his studies, it is possible for a raw mix to be burned 
under such conditions that the actual percentage of tricalcium alum- 
inate present may be as low as zero per cent, or as high as 15 per cent, 
depending upon the temperature of burning and rate of cooling and 
consequent glass formation. Further we do not know the significance 
of any of the minor chemical constituents always present in a cement 
mix. The geological formation from which mixes chemically identical 
may come might have some significance. Just now we find many 
engineers writing specifications limiting the constitutents of the cement 
with the thought of securing certain compound composition of the 
resulting product. Let us hope their results are satisfactory, but a 
careful study of existing structures and of the theoretical basis back 
of these changed compositions does not satisfy the author that we 
need expect any radical change in the quality of our concrete due to 
change in cement composition alone. 
CEMENT IN COMBINATION WITH WATER 

The cement in combination with water, serves two functions in a 
concrete mixture: It makes the mixture plastic or workable, if the 
gradation of the aggregate and the quantity of the paste are satisfac- 
tory, and after the mixture has been placed in position it sets or hardens 
and is responsible for the resulting strength of the finished concrete. 
Both of these functions are important, and have a bearing upon the 
phenomena of durability. There seems little question but that 
different cements have different plastic properties, depending some- 
what upon the fineness of grinding, possibly their chemical composition, 
and upon other properties not yet known. Certain admixtures such 
as some of the waterproofing compounds which have been used in the 
cement or the paste (T. D. A., calcium chloride, and probably other 
materials) sometimes, when added in very small quantities, appear 
to have a marked influence upon the plasticity or workability of the 


596 JOURNAL OF THE AMERICAN CONCRETE InstituTE—Proceedings 


resultant mixture. Closely related to plasticity and workability is 
the property of cement which causes a concrete mixture to retain the 
water to a greater or less extent. Concrete mixtures which do not 
retain this water are said to bleed. Different cements have different 
characteristics as regards this action, and there is reason to think 
that this is intimately associated with the problem of durability of 
concrete and the resistance of the concrete to freezing and thawing and 
in some cases, to the action of sulfate water. In fact, it appears that 
many of the properties which enable the concrete to resist successfully 
the disintegrating effect of weathering, probably chiefly freezing and 
thawing action, also enable it to resist sea-water and alkaline waters 
effectively, but occasionally the reverse condition appears to be true. 
Some tests seem to indicate that concrete made with cements high in 
tricalcium aluminate, and presumably low in their resistance to sulfate 
action, are high in their resistance to freezing and thawing. 


An examination of structures which have shown marked indication 
of disintegration due to weathering action, and of concrete which is 
failing under a freezing and thawing test, indicates that very frequently 
this failure consists of a loss of the bond between the mortar and the 
coarser aggregate. The sufficiency of this bond is apparently in some 
way closely associated with the property of cement which lends plas- 
ticity to the mixture, and which prevents bleeding. To what extent 
the compound composition of cement affects this phenomenon is 
unknown. The surface characteristics of the aggregate have a marked 
effect in this case, and there is fairly good evidence to indicate that 
some combinations of cement and aggregate can be improved by 
changing either the cement or the aggregate, or both. H. S. Matti- 
more’s investigation (A. S. T. M., Part II, Vol. 35) indicates such a 
situation. There is also reason to believe that the ability of a concrete 
mixture to lose its water may be advantageous. Many examples of 
concrete construction, particularly architectural concrete, take advan- 
tage of this property. John J. Earley has reported to this Institute 
his method of casting concrete in absorbent molds which has without 
question produced concrete of unusual durability. Evidently the evil 
effects of bleeding which is a form of segregation or water loss, can be 
almost wholly, if not completely, off-set by the proper manipulation 
of the mass before final set occurs. The Johnson method of construct- 
ing concrete pavements makes use of this same principle. Any one 
who questions the durability of concrete made by this method need 
only go to Sioux City, Iowa where Mr. Johnson placed many miles of 
such concrete, to be convinced that durable concrete can be produced 
in this way. Unless some special precautions are taken, however, there 
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is every reason to believe that the accumulation of water around a 
particle of aggregate, particularly under the aggregate, has a very 
deleterious effect upon the durability of the concrete. Removing 
this water by means of pressure, by vacuum, by manipulation, or by 
absorptive forms or combinations of these methods, results in a 
definite improvement in the quality of the concrete. 

There is reason to believe that the shrinkage of concrete is affected 
by the cement used. If the actual loss of water and consequent shrink- 
age which does occur should approach the ultimate which might occur, 
if completely dried out, variations in cement might produce concretes 
of significantly different qualities as regards shrinkage and durability. 
Engineers, however, have been prone to over-estimate the probable 
effect of this shrinkage by assuming that the full amount of shrinkage 
is likely to occur. Carlson points out (A. S. T. M. Proe. 1935, Vol. 35 
Part II) that under ordinary conditions of exposure concrete sections 
of any appreciable size will lose their water and reach their ultimate 
possible shrinkage due to water loss so very slowly that in all except 
rather unusual conditions, this water loss will never occur: It is very 
likely that the variation in shrinkage due to differences in cement is 
nothing like as great as variations in shrinkage due to differences in 
aggregate, particularly as regards the size of the aggregate. Carlson 
also points out that the boundary condition between aggregate and 
paste appears to be an important factor in volume change due to 
shrinkage, which perhaps may account for a large portion of the 
differences in shrinkage that have been reported as due to different 
cements. 

Another important element in concrete is water which, while a 
necessary ingredient in order to produce plasticity and provide for 
the chemical phenomena known as setting and hardening, is objec- 
tionable from every other point of view. There has been no informa- 
tion to indicate that any water recognized as potable water from point 
of view of its chemical content, is not satisfactory for concrete. In 
recent years, since the development of the water-cement ratio theory, 
there has been some tendency to use too little water, to attempt to 
place concrete mixtures which are harsh and really unworkable, and 
unless special means of handling and placing are developed, this lack 
of workability really produces a concrete less durable even though of 
high strength than with the use of more water. Where truly plastic 
workable concrete is being placed, durability follows closely the line 
of strength, and we need give but little further study to the problem 
of water in the original concrete mixture. We must however, carefully 
safeguard against segregation and bleeding, and if these do occur, 
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whether caused by either cement or aggregate, use means to handle 
the material so as to eliminate the dangers. 


INFLUENCE OF AGGREGATE ON DURABILITY 


Aggregate which constitutes the greatest part of the volume of 
our concrete, may be composed of fragments of stone from literally 
hundreds of different geological formations; the shape, surface char- 
acteristics, strength, and density of all these particles vary widely. 
Most concrete is placed with a natural sand which has usually been 
exposed to weathering for ages, and ones first thought would be that 
such material would, without question, be durable. Studies of the 
characteristics of aggregates, however, indicate that this may not 
of necessity be the case at all, and the quality of the sand or the fine 
ageregate will require very careful study before it can be given-a clean 
slate and the user feel certain that concrete made with it will be 
durable. The coarse aggregate consisting of gravel or stone, is-also 
an important element in concrete. In an average paving mix the 
absolute volume of the fine and coarse aggregate constitutes about 
70 per cent of the total, and the quality of this aggregate plays a very 
important part in the durability of the finished product. Not only 
must the aggregate itself be durable and resistant to disintegrating 
weathering action, but it is the opinion of the author that the surface 
characteristics of the aggregate play an important part in the phe- 
nomena of bleeding, and the development of an unsatisfactory contact 
between the mortar or paste, and the aggregate particles. No tests 
have yet been developed to show this property. 

We have developed reasonably satisfactory tests for the durability 
of aggregates by means of sodium sulfate or magnesium sulfate tests, 
or by actual freezing and thawing tests. These tests definitely pick 
out and indicate as unsatisfactory, certain aggregates that have in 
the past caused unsatisfactory concrete structures. Without doubt 
there are borderline cases where such tests are unreliable and for some 
time the application of such tests to the selection of aggregate must 
be given careful study before the material is either accepted or rejected, 
and in every case, if possible, the behavior of existing structures using 
this aggregate should be studied. In studying such structures one 
must be careful to recognize the degree of exposure to which a struc- 
ture has been subjected before forming an opinion as to the original 
character of the concrete and the aggregate from which the structure 
was built. 

The elastic properties of aggregates vary widely, and the elastic 
properties of the resulting concrete will follow rather closely the elastic 
properties of the aggregate of which it is composed. The thermal 
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coefficient of expansion of aggregates will vary widely and again the 
chief variable in a concrete as to its thermal deformations is found in 
the aggregate rather than in the cement. The engineer is usually in 
ignorance of what particular aggregate will be used in construction 
and he designs for average conditions. But it must always be borne 
in mind that these properties may be very important factors in deter- 
mining the satisfactory life of the concrete structure. This is particu- 
larly true if the structure, like a pavement, requires the building of 
expansion joints to relieve such deformations. If adequate provision 
is not made the high stresses develop a type of failure often mistaken 
for material disintegration. 
TIME, TEMPERATURE AND WATER 

Time, temperature and water are elements which enter into the 
design of a concrete mixture. It is difficult to separate the three, but 
without doubt, the proper relations of time and temperature with 
moisture play an important part in developing a high-grade concrete. 
If satisfactory temperatures for the proper hydration of cement are 
not maintained for a sufficient time to permit proper hardening, it is 
almost certain that the full durability and strength of the concrete 
will never be developed. The writer has seen many structures in 
which blame for unsatisfactory results was placed upon cement or 
aggregate or other variables when as a matter of fact, the trouble was 
due to unsatisfactory temperatures and time of curing. These things 
are so well known that it seems useless to mention them, but you will 
be surprised at the calibre of engineers who still neglect such factors. 

PLACING METHODS 


The other element mentioned as entering into the design and placing 
of the mixture, and which too many of us forget, is the energy used 
in placing and handling. Some of our older concrete structures 
which are making such an excellent showing as to durability even 
under adverse conditions, were placed with the old-fashioned meth- 
ods of ramming and tamping concrete into place. The mixture 
never was plastic or workable, but in the type of construction in 
which it was used, reinforcing, forms, and other details were such that 
it was possible to force the concrete into position and compact it 
properly. The result was a low water-cement ratio, a minimum of 
voids, and a high degree of impermeability. The old timer who wants 
to go back to the good old days of low strength, non-uniform, coarse 
ground cements sometimes forgets this, one of the most important 
elements in that type of structure. We did not have any really bad 
examples of lack of durability of concrete until we developed machine 
mixing, and troughs for the conveyance of concrete. The speeding up 
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of the concrete operations, mechanical mixing spouting and flowing 
into place from a common point brought a whole train of evils in their 
wake, all of which are familiar to every engineer and builder, but from 
which we have not yet fully recovered. Much as the cement and the 
cement industry have changed, the changes in our methods of mixing, 
handling, placing, and finishing the concrete have been even greater, 
and all of these are elements which enter into our resultant concrete 
structure. 
VARYING EXPOSURES 

Another thing which we forget is the extreme variation in the degree 
of exposure to which different structures may be exposed, and as we 
go back and look at our earliest examples of concrete construction, it 
is just possible that some of those placed under extremely adverse 
conditions have been lost sight of and forgotten, and that some of the 
excellent surviving examples, never did have severe exposure. I recall 
recently reading an article by a journalist about the engineering ability 
of the primitive Pueblo and Cliff-dwelling Indians of the southwest. 
He cited some of their structures built with sun-baked dobe still in 
really excellent condition, bearing the finger prints of the little Indian 
children who patted the moist clay into place, and then compared such 
construction to some of the irrigation structures which the U. S. 
Reclamation Service had built in that vicinity only a few years ago, 
some of which were showing disintegration and distress. He did not 
mention that these primitive structures built perhaps 800 years ago, 
are there only because of the almost perfect protection they have 
received from the overhanging cliffs beneath which they are nestling. 
We engineers are not that bad, but some of us approach it in our 
ridiculous attempt to interpret the results of concrete disintegration. 
Perhaps we have a dam, or retaining wall, or an abutment—to take a 
specific case, the author will use his own experience examining a 
structure on a railway system where there was available unusually 
good engineering data as to materials used, methods of construction, 
etc. We examined a 30-foot concrete arch which had been placed 
about 30 years ago. Considerable disintegration showed around the 
springing line of this arch and the junction of the wing-walls and span- 
drelewalls where water had evidently been accumulating and slowly 
seeping through, with the resulting disintegration of the concrete mass. 
We examined this structure with a great deal of care; picked off por- 
tions of unsound concrete, studied the stone and sand particles involved 
and made note of the brand of the cement used, who the contractor 
was, and tried to arrive at the cause of the failure. A mile away was 
a similar arch across a similar stream, which appeared to be in perfect 
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condition. Had we been content to stop with the superficial appear- 
ance of those structures, we would have been content at once to say 
that one concrete was much more durable than the other. A study 
of the records indicated that the two structures were built simul- 
taneously by the same contractor, using cement,’sand and stone from 
exactly the same sources. He used an abundance of water in both. 
The difference in their appearance after thirty years of exposure was 
entirely due to the difference in exposure to which they were subjected. 
The first structure was under a comparatively shallow fill at a sag in 
the grade line. The ballast pocket which develops under almost any 
roadbed after years of service, was serving as a trough to carry water 
for half a mile or more down to the arch. There it soaked through the 
more or less porous back-fill which covered the arch and lay back of 
the wing-walls and kept the concrete mass thoroughly saturated 
throughout the years. The mixture was lean and the water was 
slowly seeping through, with the result that freezing and thawing 
and possibly crystal from salts in solution in the ground water, was 
gradually breaking down both the mortar and the stone. The other 
structure was under a much deeper fill, was at a high point in the 
grade instead of at a sag, and there was no water back of it at all. 
Conditions of exposure can vary very widely even in the same struc- 
ture. A pavement slab going up a long, flat grade, of identical con- 
crete throughout may show marked distress at two or three points 
where it passes over a ledge of rock which is draining into the founda- 
tion of the roadbed, producing frost-heaving in freezing weather and 
maintaining always a thoroughly saturated condition in the concrete 
during winter weather. I have read on engineer’s report upon the lack 
of durability of certain retaining walls where disintegration was 
observed around an expansion joint which was leaking badly, the 
concrete breaking up and falling off for several feet on each side of the 
joint, but was perfectly sound and durable a few feet farther out on 
either side away from the failed portion. He tried to explain this 
failure by pointing out that unquestionably the cement varied in 
quality. In this case there were at least two different kinds of concrete 
in that structure. It is almost certain that the builder in attempting 
to get a satisfactory appearance around his expansion Joint, either 
changed the mix and provided for wet, more fluid concrete at this 
point, or else took advantage of the natural segregation that probably 
occurred and puddled the slop over to this end. An examination of 
the concrete which was failing and comparing it with that which was 
still in sound condition would show that the mortar content was much 
higher near the joint and that without doubt the cement had nothing 
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whatever to do with the failure. The Engineering News Record 
reported only a few years ago, a bridge failure in Germany in which 
after a very careful study of the nature of the water in the river in 
which the pier had collapsed, and a very careful study of the cement 
used in this structure and its resistance to solution in such water, it 
was found that the failure had really been caused by improperly 
placing the concrete under water with the result of the formation of 
about three feet of laitance in the body of the pier. These examples 
are extreme illustrations of the failure to appreciate the possible 
variations in the degree of exposure and the uniformity of the concrete 
which we may be comparing. Not many engineers are guilty of such 
oversight, but in the finer gradations or variations in kind of concrete 
and degree of exposure, it is difficult to draw the Jine. For example, 
most engineers, including the author, believe that there is sufficient 
water rise in a 6 by 12 inch concrete cylinder so that on a freezing 
and thawing test we will expect the upper end to show less resistance 
to disintegration than the lower end. At the same time, we realize 
that when we finally finish off the upper end of the cylinder, we 
deliberately increase the paste and water content in order to secure 
a proper finish on the end. The author has tried many times to catch 
a difference in the top and bottom of pavement slabs actually placed 
in construction, and has as yet been unable to notice any apparent 
indication of water, rise where the pavement has been properly finished. 
On some pavements which have shown definite disintegration this 
evidence of water rise has been marked, both in the structure and in 
tested cores. 

We can learn a great deal about concrete and its durability by care- 
fully studying our old structures; how they were built, and from what 
they were made, and under what conditions they have been exposed 
during the years that have passed, but we can also draw very erroneous 
conclusions unless we analyze data with the utmost care. 

PREDICTING DURABILITY 

The magnitude of the task ahead of an engineer in trying to predict 
the durability of his structures to be built from cements which differ 
considerably from the old cements, with new sources of aggregate 
which have been developed due to the increased demand for such 
material, and to be built by different construction methods than were 
used in the structures which he examined, has led him to try to develop 
some satisfactory method of predicting the probable durability of a 
concrete mixture under various conditions of exposure to freezing and 
thawing, temperature changes, alkaline and sea water. Within the 
last ten or fifteen years many tests have been proposed along these 
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lines with the result that some are now trying to standardize these 
tests. Useful as the tests have been in helping us to appreciate the 
significance of certain variables in our materials, and our concrete, 
upon its probable durability, we can readily commit some serious 
errors by attempting to standardize, or to lay down arbitrary rules at 
this time. The writer seriously questions if we have yet made a 
sufficient study of the case so that we can say just how many cycles of 
the magnesium sulfate test, or the sodium sulfate test will be required 
to assure the user that the aggregate should or should not be used. 
The same may be said of artificial freezing and thawing tests which 
have recently been coming into considerable prominence, and which 
the writer has been studying intensively for some ten years. The 
author particularly objects to trying to express the results of some of 
these tests quantitatively. He appreciates fully, having been in the 
situation himself, how difficult it is to interpret on a commercial 
routine basis the results of a soundness test and how important it is 
to be able to say to a producer, “your stone failed by such and such a 
per cent.”” It is very difficult to set such a numerical value for the type 
of phenomena that actually occur. When coarse aggregate fails under 
freezing and thawing tests, the action usually takes one of three forms: 


(a) The stone or gravel breaks into two or more fragments with 
terrific force sufficient to disrupt large masses of concrete and disrupt 


’ the whole mass if many such particles are present. Unsound chert 


produces such results. This form of failure is serious, but does not 
lend itself to easy grading of the results. 


(b) The mass softens and looses its strength with practically no 
volume change. Such a failure does not damage the adjacent concrete 
mass unless such pieces form a considerable percentage of the total. 
Such loss can easily be expressed quantitatively. 


(c) Another type of failure consists of the gradual loss of particles 
from the surface of the aggregate; such loss occurs with little volume 
change, but breaks the bond between the mortar or paste and the 
aggregate. 


To try to express losses of these types with a common index value 
is impossible. So many variables enter into the results which will be 
secured by any of these tests that really to place confidence in the 
final results secured, enough specimens should be examined so that the 
results may be analyzed statistically. The writer is continually bom- 
barded with the question “how many cycles of freezing and thawing 
will represent a useful life for twenty years,’ or some other period. 
There is, of course, no answer to such a question. One would have to 
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define not only the freezng and thawing test very carefully, but even 
more carefully, the degree of exposure to which the structure will be 
submitted. Let us examine together, some of the variables that enter 
into a freezing and thawing test and see why it is that for borderline 
cases it is very difficult to reproduce results in one laboratory, let alone 
check results in different laboratories. When a concrete test specimen 
is placed in a chamber to be frozen, and later removed to be thawed 
out, we have variables immediately confronting one as to the type of 
specimen to be used, and the procedure to be followed. First, at what 
temperature shall it be frozen? The immediate answer might be, at 
the temperature at which it will be frozen under natural conditions. 
But under natural conditions it takes a good many years to arrive at 
a conclusion as to whether a concrete is or is not resistant to weather- 
ing as represented by freezing and thawing. So we must at once decide 
to speed up the freezing and thawing test by using both lower tempera- 
tures during freezing, and also more intimate exposure to the cold 
medium to allow for a satisfactory rate of heat exchange. The size 
of specimen will become important here; the larger the concrete 
specimen, the greater will be the differential of temperature between 
the inside and outside of a specimen under a given exposure to low 
temperature, and accordingly, we will have set up greater internal 
stresses on account of this difference even before freezing and thawing 
has started. The outside portion will be frozen for a considerable 
length of time before the inside portion is frozen, and stresses will be 
set up under these conditions which will vary considerably from what 
would happen in nature where usually saturated concrete subjected 
to freezing and thawing is exposed on one face only. Heat flows out 
of concrete under such conditions for an appreciable length of time 
before even the outside portion is frozen, and when freezing on the 
outside actually begins, there is probably nothing like as great a 
temperature differential as one would find in a large test specimen 
frozen at a rapid rate in the laboratory. If a smaller specimen is 
chosen, the temperature differential from inside to outside is much 
lower, there is probably less stress, and the concrete will freeze quickly. 
It would seem that the small specimen might have some advantage 
over the large specimen, but the presence of unsound aggregate in a 
small specimen, or an excess of water at the boundry lines between the 
paste and the aggregate, producing weakness, will more seriously 
damage the small specimen. Such a place of weakness might cause 
early failure of a specimen, whereas a similar place of weakness in the 
large specimen might have practically no effect whatever. That the 
rate at which freezing and thawing, particularly freezing is done, is 
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an important element in freezing and thawing tests, is unquestioned. 
In some recent cooperative tests conducted by the Highway Research 
Board, laboratories conducting the freezing and thawing test at tem- 
peratures only slightly below freezing, and requiring 24-hours for a 
cycle, report but very little effect after 200 or more cycles. In other 
laboratories where more accelerated rates of freezing have been carried 
on, complete failure of some specimens has been effected in less than 
200 cycles. With such significant differences in the results secured, it 
can be seen that freezing and thawing tests must be interpreted with 
care. The rate of freezing and thawing is dependent not alone upon 
the temperature in which the specimen is placed, but upon the way 
in which it is exposed to the temperature and the rate at which the 
heat may flow from the test specimen into the refrigerant. The size 
of the chamber in which a specimen is placed, the relation of the 
surface area of the specimens to the total area of the chamber walls, 
and the medium which surrounds the specimens, and forms the contact 
with the refrigeration coils in the chamber, are all important factors in 
determining how rapidly freezing will occur. An excellent analysis of 
the general problem by Hans Kostran appears in Bauwirtschaft, Vol. 1, 
No. 5, July 15, 1933, in an article entitled ‘‘Testing the Resistance to 
Freezing and Thawing of Building Materials.’ Dr. Kostran sum- 
marizes the influences which may affect the results in a chart which 
not only shows the variables, but their inter-relations and evaluations 
of their relative importance. (Fig. 1.) 
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Particular attention should be paid to the problem of water satura- 
tion and velocity of cooling. The velocity of cooling not only has a 
marked effect upon the time required to conduct a test, but also upon 
the severity of the test. Water saturation involves the manner in 
which the water is allowed to enter the concrete, the degree to which 
the pores are filled with water, and the actual quantity of water which 
may be inserted in the specimen. Not only is this an important factor 
in the experimental investigation of this character, but it is also im- 
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portant as effecting the actual resistance of the-structure when in 
service. Some types of exposure are such as actually to force the water 
in under pressure, while other types are such that almost the only 
water present in the concrete will be that brought into the mass by 
capillary action or that which has been retained in the concrete since 
it was originally produced. We have found in our laboratory that if 
specimens are saturated with water by means of alternate pressure 
and vacuum methods, considerably more water is inserted into the 
specimen and the severity of the action increased. 


The rate of cooling is influenced by the temperature of the refrigerat- 
ing room, the ratio of the outer surface of the test specimen to the 
surface of the chamber through which heat passes from the specimen 
into the refrigerant, the medium through which*this heat travels in 
going from the specimen into the refrigerant, and the capacity of the 
refrigerator. Low initial temperature in the refrigerator will not 
necessarily insure a rapid rate of freezing unless some means is provided 
through which the heat can flow from the specimen into the refrigera- 
tor. If this flow of heat has to occur through a comparatively large 
dead air space, the rate may be much slower than would occur where 
temperatures were considerably higher, but with the specimen placed 
close to the walls of the refrigerator and a better heat conductor, such 
as alcohol or brine solution, used as a medium through which the heat 
could flow. The temperature to which the specimen is lowered should 
be sufficient to insure the freezing of the water contained in the pores 
which probably act to a greater or less extent, similar to closed vessels, 
and as the pressure rises due to the formation of ice, the pressure might 
become sufficient to stop the formation of ice unless the temperature 
were lowered below the freezing point. At 2200 atmospheres the 
freezing point of water is —22° C. If the pores are not fully filled and 
freezing occurs rather slowly, it is perfectly feasible that as the pressure 
rises due to the formation of ice, the water flows over into these still 
available air spaces and only very low internal pressure is developed. 
The expansion of ice is approximately 10 per cent, so if the pores are 
only about 90 per cent full of water, it would be possible to freeze the 
water with very little internal pressure. Some porous, permeable 
concrete as well as some porous absorptive permeable building stones, 
brick and tile have very good weathering characteristics. Dr. Kostran 
points out that this may be explained by the above facts. Granting 
that no internal pressure may have been developed because of the in- 
sufficiency of the filling of the pores or their size and shape, there will 
still be stresses produced in freezing or thawing a concrete containing 
aggregate having a variable coefficient of expansion from that of the 
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mortar and paste. If these stresses are an important factor in the 
failure under the freezing and thawing test, it is obvious that the more 
rapid these changes occur, the more severe will be the action. It was 
with this thought in mind that the research reported by Professor 
Dawley* was initiated at Kansas State College. Whether Professor 
Dawley has found the thing which we started out to find may perhaps 
be another question. So often in research, we try to answer one 
question and in doing so, raise a dozen more. Time will not permit a 
complete discussion of all the variable items in any durability test, or 
any normal exposure test. Careful consideration of some of the points 
which have been raised will, in the author’s judgment, prove helpful 
and instructive to any one designing concrete, maintaining concrete 
structures, or attempting to predict the probable durability of the 
material which he is using. 

The apparent lack of decision and of positive information that per- 
meates this paper (and which should be included in any paper which 
discusses the durability of concrete) is not peculiar to our field alone. 
For generations, employers have been endeavoring to secure good men, 
men of honesty, integrity, loyalty, and character, capable of handling 
their own particular work which they are doing, and making satis- 
factory contacts with other men with whom they must associate. Any 
survey of the factors which lead to success in any of the walks of life 
will enumerate the above as essential characteristics, but we don’t 
know how to measure them nor how to develop them in our children, 
our students, nor our employees. Durable concrete is concrete of 
character, to secure it we must have faith and hope, and continually 
strive from every point of view to overcome its defects; being, as with 
our relations to man, always critical, always considerate, and always 
helpful. 


*See page 609. 
For such discussion of this paper as may develop readers are re- 


ferred to “Supplement,” Journau for Sept.-Oct. 1936. Discussron 
should reach the Secretary by Aug. 15, 1936. 


ALTERNATE HEATING AND CooLInG or Mortar* 
BY E. R. DAWLEY{ 


EN AS RtOMD TU CEL OEN' 


Tue Applied Mechanics Department’ has been investigating the 
- durability of concrete for the Engineering Experiment Station of the 

Kansas State College for more than 15 years. The tests, which in- 
cluded freezing and thawing, permeability, volume change, field 
specimens in alkali water, and finally heating and cooling have been 
made in an effort to explain why some concrete is more durable than 
other concrete. The Department of Applied Mechanics has been a 
pioneer in the investigation of the effect of the freezing and thawing of 
concrete. Always in the development of the work the question has 
arisen as to how much of the destructive action of freezing was due to 
the temperature change, and how much was due to the expansive 
force of the ice forming within the specimen. Heating and cooling 
afforded a method of divorcing the effect of temperature change from 
the effect of ice formation. In an attempt to answer this question 
several years ago the author took the first piece of concrete at hand 
which was a replacement plug used in core drilling, placed it in a tank 
of water, and ran live steam into the water for 15 or 20 minutes, until 
the temperature became constant; then ran tap water into it until the 
temperature again became constant. After repeating this process six 
more times, the specimen was inspected and the surface was found to 
be badly cracked. The present series of tests was the outgrowth of 
this original experiment; the object being first, to discover if the 
specimens after heating and cooling were really as adversely affected 
as far as strength was concerned, as their surface appearance indicated; 
and secondly, to discover if possible, the effect of using different brands 
of cement, different aggregates, and different cement contents. 

Preliminary heating and cooling tests developed the following in- 
formation: 

1. The cracking of the surface and the formation of a ridge of 
calcium carbonate approximately following the crack is a universal 
characteristic of this kind of test. 


*Presented at the 32nd Annual Convention, American’Concrete Institute, Chicago, Feb. 25-27, 1936¢, 
+Professor of Engineering Materials, Kansas State College, Manhattan, Kan. 
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2. Concrete made with crushed rock as coarse aggregate was not 
as badly cracked as mortar. 


It was decided to use mortar specimens, since speedy results were 
desired. A temperature change of 80 to 100 degrees was adopted as a 
compromisé between simulating natural conditions and obtaining 
fairly rapid disintegration. The end point of the test was arbitrarily 


set at 4000 cycles. 
MATERIALS AND APPARATUS 


All specimens were 3 by 6-in. cylinders. Seven cements were used: 
Cements 1, 2, 4 and 5 were early strength cements, Cement 7 was a 
special cement, and Cements 3 and 6 were ordinary portland cements. 
Tables 1 and 2 show the physical and chemical characteristics of these 
cements. The chemical analyses are those of the manufacturers. 
Table 3 shows the computed compound compositions. The aggregate 


TABLE 1—RESULTS OF PHYSICAL TESTS ON CEMENTS 


. Time of Setting 
Fineness, Tensile Strength, Surface 
Cement | Per Cent |Soundness Initial Final Ib. per sq. in. Area, 
Number | Retained sq. cm/gm. 
On No. 200 Hours | Min. | Hours | Min. 7 Days | 28 Days 
— | 
1 19.28 OnK: 6 00 7 10 377 407 1660 
2 -46 OK 2 00 3 15 275 370 2200 
3 4.68 OnkK. 3 30 5 15 343 460 1760 
4 1.80 O. K. 1 45 2 45 357 440 2435 
5 1.56 O. K. 2 00 3 10 280 388 2480 
6 10.10 OOK: 3 00 4 50 347 465 1750 
1 1.88 Ons: 2 45 6 00 395 450 1720 
i | 
TABLE 2—CHEMICAL ANALYSIS OF CEMENTS 
Cement SiOz AlsOs Fe.03 CaO MgO SOs Loss Total 
1 6.88 41.01 14.43 36.44 1.30 0.20 100.26 
2 19.82 5.36 2.92 65.40 1.70 2.08 2.90 101.67 
3 20.20 6.41 3.21 64.52 2.50 1.70 D357 100.11 
4 19.68 5.52 2.82 64.90 3.34 2.40 0.60 99.26 
5 19.72 6.14 1.96 67.52 1.24 1.89 Low 99.98 
6 21.64 5.82 2.70 65.24 1.03 1.70 1.52 99.65 
7 20.80 6.13 3.07 65.80 0.76 1.88 1.20 99.64 
TABLE 3—COMPUTED COMPOUND COMPOSITION BASED ON TABLE 2 
Cement Per Cent Per Cent Per Cent Per Cent Per Cent 
CaSO4 CsAF C3A C3S C8 
2 4 9 9 69 5 
3 3 10 12 57 15 
4 4 9 10 67 6 
5 3 6 13 68* 5 
6° 3 8 ll 53 22 
7 3 9 11 59 15 
1 


*Free lime estimated 1.75%. 


was Kansas River sand, a clean sand of granitic origin weighing 111 
lb. per cu. ft., and having a specific gravity of 2.61. 
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The gradation was as follows: 
Sieve Per Cent heels 
Mae SR ae CNG, ane ere 
BN Oe age eee Is ee a te ‘ 
INGrgES Srey Gree ee ee Ee. 18 
INO Tee Omer, ay peek Re 52 
NOG SON Soke fa gene tue ees 79 
ING is OO ae tee teat ee 95 
IN oselOO Ree metas: dens ear 4 © ees 99 


Gradation Factor 3.43. 
All proportions were by volume and were 1:4.5, 1:3.5, and 1:2. 

The water used in mixing the specimens and in which the specimens 
were immersed during heating and cooling was college tap water. 
The college water supply with a hardness of about 435 parts per 
million, is augmented by a varying percentage of treated city water 
with a hardness of 120 parts per million. A typical analysis of the 
mixture would show— 


SUOal NN RCTS 7 eG o selac SAS ee 393 parts per million 
Galciunn ee tie. PR en nk eee 290 
Maenestinn: Mo. 3.5029" eee. & oe 103 
Jal aay aR iceck aie Ren eect won IIS oe 350 
Chieridesthes. er seek at oe oe: 19 
Sullplateste ee emai tert eee Seno oe 74 
LEROY reacts ce Ee Ce ALR eee 0.8 


The apparatus used for heating and cooling consisted of a copper 
tank 12 ft. long, 39 in. wide, and 10 in. deep, divided into three separate 
parts, each with separate steam and water inlets and drain (Fig. 1). 
The drains were at a height of seven inches giving a depth of water of 
one inch above the top of a 3 by 6-in. cylinder standing on end. 

The steam and cold water are alternately admitted through the 
pipes in the right rear corner of each compartment. The baffles direct 
the flow so as to give a low temperature gradient past the specimens. 
The discharge is at the right front corner of each compartment. 
Solenoid valves alternately admit steam and cold water to the tanks 
(upper left hand corner, Fig. 1). These valves are controlled by an 
electric clock movement which operates a mercury switch by a cam 
action. The interval is 30 minutes for steam, then 30 minutes for water. 

TEST METHODS 

Thirty-three 3 by 6-in. cylinders were molded, eleven to the batch, 
for each of the seven cements in each of the three mixes: 30 of these 
were for compression tests, three were fitted with a stainless steel plug 
in each end for measuring change in length. Ten compression cylinders 
and one volume change cylinder were made from each batch. 

All specimens were left in the molds 24 hours and then stored in the 
moist room for 27 days. Twenty-eight days after molding, three 
cylinders (one from each batch) were tested in compression. The 
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Fic. 1—HnbATING AND COOLING TANK IN WHICH 3 BY 6-IN. CONCRETE 
CYLINDERS ARE ALTERNATELY COOLED TO 70° F., AND HEATED TO 166° F. 


lengths of the specimens with plugs were measured at 68°F. and they, 
with the remaining compressive cylinders (30 in all), were placed in 
the heating and cooling tank on the cold cycle. As heating and cooling 
progressed the specimens were moved from left to right across the 
compartment, and turned over endwise to compensate for any tempera- 
ture gradient either horizontal or vertical in the tank. Temperatures 
fluctuated with the season, and with failure of steam or water supply. 
The average high temperature was 166°F., and the average low 
temperature was 70°F., giving an average change of 96°F. per cycle. 
A duplicate set of specimens was made for part of the series and heated 
and cooled in a separate tank at a temperature change of 50°. This 
was done to see whether the damage was done by the high temperature 
side of the cycle, since 166°F. is hotter than most concrete ever be- 
comes in service. 


Specimens with end plugs were measured for change in length every 
day at first, and every two weeks after the change became smaller. 
These measurements were always made after the specimens had been 
brought to a temperature of 68°F. 


The effect of the lime content of the college water on the formation 
of free lime was investigated* and it was found that free lime formed 
at about the same rate in specimens stored in distilled water as in those 
stored in college water. 


*Unpublished Masters Thesis of P. F. Warner, 1935, Kansas State College Library. 
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TABLE 4—DATA OF TESTS 
ut er Per Cent [£8 
: u 
eee ioe |) s~-| Be | Of 28-Day |-Ee 
7 | 2 # SS ert ais , Remaining | 5 
ches, : a Oa = Average Per Cent Increase in Length After aS 
gee] 2 ee] be | 'e i ee 
g| 23 = shee NS % E *ycles Cycles Ow 
o ro) oO , ——— a ——— = SS KO 
O| Fe} FE | OS) Ra | BZ | 200 | 1000 | 2000 | 3000 | 4000 | 200 | 4000 |SEo 
H = fe ' eres eS ee ae es sacks A nieel| tet ae a 
Mix 1:4.50 By Volume 
1 1.17 | 139.0 | 1.41 | 2480 | 2.25 | 0.080 | 0.131 | 0.150 0.195 | 0.237 | 29.1 | 26.9 | 3.10; 
2 | 0.96 | 134.3 | 1.38 | 3160 | 2.00 | 0.195 | 0.671 | 1.326 1607 RTA O12 4) D5 iGSl asst 
3 | 1.10 | 137.5 | 1.40 |. 2030 | 2.00 | 0.056 | 0.143 | 0.375 | 0.478 0.592 | 89.3 | 92.4 | 4.84 | 
4 1.12 | 137.5 | 1.40 | 3060 | 2.25 | 0.070 | 0.845 | 1.616 | 1.898 | 2.023 69.8 | 16.5 | 7.20 { 
5 | 1.09 | 137.0 | 1.39 | 3240 | 2.00 | 0.056 | 0.148 | 0.240 | 0.381 | 0.556 79.17] 38.9) | 5.328 
6 1.18 | 136.6 | 1.38 | 2160 | 2.50 | 0.056 | 0.115 | 0.230 | 0.353 | 0.482 90.8 | 73.3 | 6.33 ! 
7 1.05 | 135.9 | 1.39 | 3080 | 2.00 | 0.056 | 0.091 | 0.150 | 0.208 | 0.265 | 72.5 64.8 | 5.49: 
Av.| 1.10 | 136.8 [ 1.39 | 2744 | 2.14 | 0.081 | 0.306 | 0.584 | 0.731 | 0.847 | 68.3 48.3 5.44 
Mix 1:3.5 By Volume ; 
1 | 0.87 | 140.2 | 1.76 | 4710 | 2.25 | 0.076 | 0.209 | 0.232 | 0.292 | 0.374 36.1 | 22.1 | 3.90 
2 | 0.79 | 135.8 | 1.72 | 3770 | 2.00 | 0.133 | 0.718 | 0.982 | 1.155 | 1.262 | 70.5 | 34.6 | 4.60 
3 | 0.87 | 139.4 | 1.75 | 3100 | 2.12 | 0.061 | 0.127 | 0.201 | 0.263 | 0.314 | 90.9 |108.5 | 5.07 
4 | 0.82 | 138.0 | 1.74 | 5460 | 2.12 | 0.092 | 0.378 | 0.649 | 0.937 | 1.243 | 63.0 | 24.6 | 5.57 
5 | 0.84 | 138.1 | 1.74 | 4760 | 2.50 | 0.064 | 0.142 | 0.205 | 0.285 | 0.374 | 74.1 | 42.8] 4.23 
6 | 0.87 | 138.0 | 1.73 | 3420 | 2.16 | 0.056 | 0.095 | 0.175 | 0.263 | 0.371 | 88.7 | 70.1 | 5.02 
7 | 0.81 | 137.2 | 1.74 | 4340 | 2.00 | 0.066 | 0.109 | 0.142 | 0.203 | 0.232 | 78.0 | 80.1 | 4.70 
Av.| 0.84 | 138.1 | 1.74 | 4223 | 2.16 | 0.078 | 0.254 | 0.369 | 0.485 | 0.596 | 71.6 | 54.7 | 4.73 
Mix 1:2 By Volume 
1 | 0.49 | 144.8 | 2.82 | 6840 | 2.50 | 0.103 | 0.192 | 0.280 | 0.382 | 0.453 | 63.4 | 48.7 | 5.22 
2 | 0.56 | 141.4 | 2.72 | 5630 | 2.11 | 0.092 | 0.353 | 0.460 | 0.594 | 0.743 | 90.5 | 71.9 | 4.53 
3 | 0.56 | 142.5 | 2.75 | 5650 | 2.25 | 0.045 | 0.075 | 0.088 | 0.120 | 0.124 | 93.1 |139.4 | 3.83 
4 | 0.54 | 142.5 | 2.75 | 7030 | 2.25 | 0.059 | 0.128 | 0.195 | 0.293 | 0.455 | 77.4 | 72.0 | 3.95 
5 | 0.56 | 142.0 | 2.73 | 6690 | 2.00 | 0.022 | 0.055 | 0.075 | 0.118 | 0.192 | 98.2 | 93.2 | 4.61 
6 | 0.55 | 142.6 | 2.75 | 6040 | 2.25 | 0.042 | 0.065 | 0.101 | 0.105 | 0.147 |112.2 |122.1 | 4.58 
7 | 0.59 | 141.5 | 2.71 | 7290 | 2.00 | 0.057 | 0.097 | 0.131 | 0.147 | 0.172 | 79.0 | 79.6 | 4.47 
Av.| 0.55 142.4 2.75 6453 | 2.19 | 0.060 | 0.188 | 0.190 | 0.251 | 0.327 | 87.7 | 89.6 | 4.46 


TEST DATA 


The physical characteristics of the mixtures, the per cent increase 
in length and weight, and the per cent of the 28-day strength remaining 
after a selected number of cycles are shown in Table 4. 

In Fig. 2 on the left hand side is shown the variation in compressive 
strength with cycles of alternate heating and cooling. On the right 
hand side this same information is shown on a percentage basis. 

Linear expansion and gain in weight with increased heating and 
cooling are shown on a percentage basis in Fig. 3. The effect of using 
a 50-degree temperature change instead of a 96-degree change is shown 
in Fig. 4. The character of the surface cracking is shown in Fig. 5. 


DISCUSSION OF DATA 
Examination of Table 4 and Fig. 2 shows that first there was a sudden 


reduction in strength caused by the first 50 to 100 cycles of heating 
and cooling. From this point on, the strength remained about con- 
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stant or slightly decreased except for the portland cements No. 3 and 
No. 6 which in the richer mixes, increased in strength as the test 
progressed. Cement No. 1 which is apparently the most adversely 
affected by heating and cooling, is, strangely enough, the most durable 
in freezing and thawing of any tested in our laboratory. Cement No. 
3 in Fig. 2, mix 1:2, shows nearly a normal strength increase and was 
apparently not seriously affected by the heating and cooling. 


Freezing and thawing tests on this cement unfortunately have not 
been made. There is a general tendency toward an increased per cent 
of strength remaining after 4000 cycles with increased richness of mix. 
In this experiment as well as others performed in this laboratory, it 
appears to be impossible to correlate durability with any of the 
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It may be of some 


significance then, that the three most durable mixes were those whose 


cement had the three highest silica contents. 


CHANGE IN LENGTH 


Change in length of concrete may be caused by chemical changes 
during hydration, by changing the temperature or moisture content, 
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or by applying a steady load. The chemical changes are small after 
the first few days, and all of the measurements of length in these tests 
were made on.the cold cycle at 68°F. with the specimens saturated 
with water so that there would be no correction for either temperature 
or moisture change. However, when concrete is exposed to repeated 
heating and cooling either above or below the freezing point, it suffers 
a gradual increase in length. The temperature change of 96°F. used 
in this test should cause a temporary increase in length of approxi- 
mately 0.06 per cent. The permanent increases in length actually 
measured at 4000 cycles and at 68°F. range from 2 to 33 times as great 
as this. Fig. 3 shows the per cent of permanent increase in length with 
repeated heating and cooling for the three mixes. With a few ex- 
ceptions, the per cent increase in length shown on these curves tends 
to vary inversely with the per cent of 28-day strength remaining after 
4000 cycles as shown in Fig. 2. The average per cent increase in 
length at 4000 cycles for the 1:314 mix was 0.596 per cent or 7.2 inches 
per 100 lin. ft. The maximum per cent increase in length after 4000 
cycles was found in cement No. 4 for the 1:414%4 mix. This percentage 
of 2.023 is equivalent to 24.3 in. per 100 lin. ft. of concrete. The 
minimum per cent of increase was 0.124 for cement number 3 in the 
1:2 mix which is equivalent to 1.4 in. per 100 lin. ft. of concrete. As 
noted before, cement number 3 was an ordinary portland cement. The 
other ordinary portland cement, number 6 in the 1:2 mix, expanded 
in 4000 cycles an amount equivalent to 1.75 in. per 100 lin. ft. 

These figures represent the permanent increase in length at a tem- 
perature of 68°F. after 4000 cycles of heating and cooling and to each of 
them, if the mortar were to be used as pavement in an exposed condi- 
tion, must be added an additional amount for thermal expansion. To 
allow for an increase in temperature of 50°F. this additional amount 
would be about 0.36 in. per 100 lin. ft. 

In this investigation as in many others conducted in this laboratory, 
it seems difficult to correlate any of the physical and chemical proper- 
ties of the cements with the changes in lengths of the specimens. There 
may be some significance in the fact that the three mixes having the 
least change in length were made with cements having the three 
highest silica contents. 

GAIN IN WEIGHT 


All specimens in all three mixes gained in weight as the heating and 
cooling progressed as shown in Fig. 3. Specimens were wiped surface 
dry with a clean cloth before weighing but in spite of this, after a few 
hundred cycles, the surface of most of the specimens became coated 
with a thin film of calcium carbonate. This film was light brown in 
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color, probably due to the presence of a small percentage of iron. The 
weight increased suddenly during the first few cycles and then showed 
a slow constant increase throughout the remainder of the test. In 
general, the gain in weight varies inversely with the richness of mix. 
Cement No. 1 is again the exception to the rule, having the least gain 
in weight in the 1:444 mix. Cement No. 4 which was seen in Fig. 3, 


Fig. 5—TYpPICAL APPEARANCE OF SPECI- 

MENS AFTER HEATING AND COOLING. CE- 

MENT NO. 5 AFTER 4000 cycLEs oF 96° F. 

CHANGE IN TEMPERATURE. 1:2 MIX ABOVE; 
1:4.50 BELOW 


mix 1:414, to have the greatest increase in length, had the greatest 
increase in weight, while cement No. 1 had the least change in length, 
and the least change in weight. This also holds true in the 1:34 mix 
but is reversed in the 1:2 mix. The other cements do not indicate a 
direct relationship between change in length and change in weight. 
There appears to be an inverse relationship between gain in weight 
and alumina content and a direct relationship between gain in weight 
and SO? and CaSO? content. 


EFFECT OF A LOWER TEMPERATURE RANGE 


Concrete in service is seldom subjected to temperatures as high as 
166°F., and since temperatures of 200°F. were definitely known to 
produce harmful effects, there was a possibility that 166°F. might 
also be harmful. It was decided therefore, to re-run the test on cements 
No. 1 and 2 in the 1:4% mix using a temperature change of 50°F. in- 
stead of 96°F. The data from these tests are plotted in Fig. 4. The 
upper graph of Fig. 4 shows that the 96°F. change in temperature 
produced a more rapid decrease in strength for the first few hundred 
cycles. At 1300 cycles there is no difference in the two tests. At 4000 
cycles there is little difference between the two tests on cement No. 1. 
Final results on cement No. 2 are not yet available. The effect of the 
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two temperature ranges on change in length are shown in Fig. 4, the 
lower graph. The 96°F. range on cement No. 1 produced about twice 
the increase in length at 4000 cycles as the 50°F. change. In cement 
No. 2 the 50°F. change caused 23 per cent more increase in length at 
1800 cycles than the 96°F. change did. Fig. 4 apparently indicates 
that there is little difference in effect between the 50°F. and the 90°F. 
range in temperatures. 
CONCLUSIONS 

Mortar 28 days old when repeatedly heated and cooled through a 
temperature range of 96°F. while submerged in water, is reduced in 
compressive strength, permanently increased in length, and increased 
in weight. 

A characteristic surface change is always present; first, a checking 
which increases to deep cracks as the test progresses; these cracks are 
usually followed by ridges of calcium carbonate. 

The compressive strength is reduced more rapidly during the first 
few alternations of heating and cooling and a considerable amount of 
damage is done before there is any visible cracking. A temperature 
range of 50°F. does not reduce the strength as rapidly as a change of 
96°F. during the first few hundred cycles, but the effects of the two 
ranges of temperature were identical at 1300 cycles. 

Alternate heating and cooling reduces the compressive strength and 
increases the change in length of lean mixes to a greater extent than 
it does rich mixes. 

The compressive strengths of specimens made with the two ordinary 
portland cements and the one special cement were less affected by 
heating and cooling than were the strengths of specimens made with 
four early strength cements. 

Alternate heating and cooling produced a permanent increase in 
length from two to thirty-three times as great as the expansion caused 
by a temperature change of 96°F. Alternate heating and cooling 
causes mortar to gain in weight, suddenly at first then more gradually 
the magnitude of the gain in weight varying in general inversely as 
the richness of mix. 

CONCLUSIONS FROM PRELIMINARY TESTS NOT REPORTED 
IN THIS PAPER 

The Kansas River sand used as aggregate in this heating and cooling 
investigation while meeting specifications for use in concrete and 
widely used as aggregate in concrete in this part of Kansas, produces 
less durable concrete than sand from Blue Rapids, Kansas; Holliday, 
Kansas; Elgin, Illinois, and Cowe Bay, New York. 
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Concrete having crushed rock for coarse aggregate is less affected 
by alternate heating and cooling than that having Kansas River sand 


as aggregate. 


Freezing and thawing concrete from 10°F. below zero to 70°F. above 
zero is more-detrimental than heating and cooling from 70°F. to 166°F., 
and there appears to be a fundamental difference between the character 
of the action of the two tests. A 3 by 6-in. concrete cylinder may be 
damaged by freezing and thawing to the extent that the 14-in. stainless 
steel plugs inserted in the ends for measurement of change in length, 
either fall out or become too loose to use. The number of cycles of 
freezing and thawing required to produce this effect varies from 10 to 
1600, depending upon the kind of cement used. A characteristic effect 
of the freezing and thawing test is the rounding ‘of the corners of the 
specimens giving a bullet-like shape to the ends. The heating and 
cooling tests although run to 4000 cycles did not round the corners or 
loosen the screws, the damage appearing to be more severe near the 
middle of specimens than at the ends. 


For the same mix, water cement ratio, and aggregate the durabilit 
of the concrete as measured by heating and cooling, and freezing and 
thawing tests varies considerably with the brand of cement. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” JouRNAL for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 


Toners et 


STUDIES oF HicH Pressure Steam CuRING OF CONCRETE 
SLABS AND BErAms* 


BY CARL A. MENZEL} 


MEMBER AMERICAN CONCRETE INSTITUTE 


INTRODUCTION 


ALTHOUGH the curing of concrete in high pressure steam has been 
studied from time to time during the last 25 years by various investi- 
gators it has not been used commercially except to a very limited ex- 
tent for a number of years. A review of the available data indicated 
that more information was needed to explain some of the inconsist- 
encies in practice and to provide a guide for a wider application in the 
manufacture of concrete products. With this objective a series of 
studies was made during the last 3 years by the Research Laboratory 
of the Portland Cement Association, Chicago. The results of these 
studies have been reported in two papers thus far in the Journau of 
the Institute and this third paper concludes the report on the in- 
vestigation. 

The studies were begun with small specimens of neat cement or 
mortar—2-in. cubes and 1 x 1 x 10-in. bars—which were steam cured 
in a cylinder with an internal diameter of 11 in. and 18 in. high. With 
these small specimens information was obtained on most of the factors 
that might be expected to have a bearing on the properties of steam- 
cured mortar such as the temperature and duration of the steaming 
period, the age of the specimen before steaming, type and grading of 
aggregate, type and amount of cement, water-cement ratio, and the 
influence of various admixtures. The effect of the various factors on 
the strength, volume change, resistance to freezing and thawing, 
susceptibility to leaching and efflorescence, and resistance to sodium 
and magnesium sulfate was determined and the results reported in the 
JourNaL for Nov.-Dec., 1934. 

Following this preliminary series a large steaming cylinder 30 in. in 
diameter and 10 ft. long was built so that the principal conclusions 


*Received by the Institute Secretary, May 11, 1936. A preliminary presentation of this paper, 
before all data became available was made at the 32nd Annual Convention, American Concrete In- 
stitute, Chicago, Feb. 25-27, 1936. we , 

+Associate Engineer, Research Laboratory, Portland Cement Association, Chicago. 
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from the small scale studies could be tested on concrete products of 
commercial size and something could be learned as to the practical 
limits of heating and cooling products of different types. With this 
large cylinder the first studies were confined to tamped hollow concrete 
block and the results were presented in the second report published 
in the JourNnat for Sept.-Oct., 1935.** The next series of experiments 
went into the field of solid slabs of plain concrete such as might be 
used in the manufacture of cast stone and a final series developed some 
information on the bond resistance of steel bars embedded in steam- 
cured and moist-cured concrete. This paper presents the results of 
both of these later series of tests and includes the results of recent tests 
of blocks tested at the age of 1 year which formed the companion speci- 
mens of blocks tested 7 days after steaming and which formed the basis 
of the second paper published in the JourNaL for Sept.-Oct., 1935. 
GENERAL DESCRIPTION 


The previous studies on 2-in. mortar cube specimens showed that 
the useful properties of steam-cured concrete could be developed during 
exposure for a full 8 hr. to saturated steam at 350° F. and a pressure 
of about 120 p.s. i. In these studies on small specimens heating in the 
steaming chamber from 70° F. to 350° F. was gradual over a 5-hr. 
period. After exposure to steam at 350° F. for the time desired the 
specimens were permitted to cool gradually for 5 hr. to about 200° F. 
before they were removed from the steaming chamber. 

Sensitive thermocouples indicated that during heating and cooling, 
the temperature at the center of the 2-in. cubes was practically iden- 
tical with that of the surrounding saturated steam. Apparently these 
small specimens were cured under conditions which tended to minimize 
the development of stresses that can be expected to result directly and 
indirectly from unequal heating, rate of hardening and cooling. 

It appeared that shorter periods than 5 hr. for the initial heating an 
final cooling could have been used in steaming these small 2-in. cube 
specimens. It appeared also that the cross-sectional thickness of the 
solid concrete in a concrete product may be at least 2 in. thick without 
jeopardizing uniformity of temperature and of curing effect throughout 
the mass of concrete when cured in a similar manner. However, with 
larger specimens having a cross-sectional thickness of solid concrete 
of 6 in. or more it was practically certain that 5-hr. periods of initial 
heating and final cooling would damage the product and produce 
erratic results. Obviously, more moderate heating and cooling rates 
are essential with thick specimens in order to obtain the quality of 


**Studies of High Pressure Steam Curing of Tamped Hollow Concrete Block, by Carl A 
Amer. Concrete Inst., Proceedings, Vol. 32, p. 51. r Oth OY Ce cae ae 
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product desired but these rates should not be more moderate than 
necessary, as long heating and cooling periods reduce plant capacity 
and increase the cost of steam curing. 

A series of studies of rate of heating and cooling was necessary, there- 
fore, to provide definite information as to how fast various products 
may be heated and cooled without jeopardizing quality and uniformity, 
and how long the temperature of the steaming chamber must be main- 
tained constant at 350° F. to insure that the concrete in the center of 
the thickest section had been exposed to 350° F. for a full 8 hr. Ob- 
viously some of the major factors in this series are the size and shape 
of specimen, the thermal properties of the concrete and the rate of 
temperature rise and fall in the steaming chamber. 

The thermal properties of the concrete may be expected to be in- 
fluenced by such factors as the type and grading of aggregate, the 
richness of the mix and its consistency, and whether or not the concrete 
is in a plastic or set condition when steamed. Although products are 
made from concrete having a wide range of properties, due to some of 
these factors, it appears that in general the more massive products 
such as cast stone, precast floor and wall sections will be made with 
a rich, dry concrete with densely graded aggregates ranging from the 
heavy to the light-weight types, compacted by vibration or tamping. 
It is likely also that the practical manufacture of large products may 
involve at least two plans of operation. Either the product will be 
molded and permitted to harden 24 or 48-hr. before removal from the 
molds to the steaming chamber, or will be steam cured in metal molds 
within three to five hr. after molding. 

The above considerations, as to probable type of concrete and manu- 
facturing operations, provided a basis for simplifying the proposed 
studies with large specimens. Accordingly, a large portion of the 
information desired on the effect of heating and cooling rates was 
obtained from studies of specimens 15 in. square made 4, 8 and 12 in. 
thick with two widely different types of aggregate, (sand and gravel 
and Haydite) each with one grading, mix and consistency and one 
method of placement. These specimens were usually steamed at the 
age of 48 hr. at 350° F. with various periods of heating and cooling. 
The results of these studies were then checked and augmented by a 
more comprehensive series of tests on plain concrete beams 4 and 8 in. 
deep, 12 in. wide, and 36 in. long, using different aggregates, various 
cement-silica mixtures, and steamed at different ages. The steaming 
apparatus used was that described in the report on “Studies of High 
Pressure Steam Curing of Tamped Hollow Concrete Block” referred 


to previously. 
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Concrete Materials, Proportioning and Placing 

The aggregate grading and concrete proportions for the beam studies 
are given in Table 7. The 15-in. square specimens for the studies of 
rates of heating and cracking and checking were of Elgin sand and 
gravel and Haydite of the same mixes as shown in Table 7 for the beam 
tests with corresponding aggregates. : 

The specimens for all series were cast in steel molds. The molds 
were placed on the vibrating table and 2 or 3 in. of concrete placed 
on the bottom. Vibration was then started and concrete added as 
the vibration proceeded until the molds were filled and screeded 
to uniform surface. 

DISCUSSION OF RESULTS 
Time Required to Attain Desired Temperature 

Fig. 1 gives the time required to heat the interior of concrete speci- 
mens 15 in. square of different thickness and type of aggregate to 350° 
F. under different rates of heating. Heat was applied to raise the 
temperature of the chamber from 70 to 350° F. at predetermined rates, 
the temperature then being maintained constant at 350°E. a Ene 
eraphs show that the period required to heat the interior to 350° F. 
increased with the thickness of the specimens at all rates of heating. 
They also indicate the probable range of influence of type of ag- 
gregate, as the time required to heat the interior of 8 and 12-in. 
specimens averaged about 22 per cent longer with Haydite than with 
sand and gravel. For the specimens 4 in. thick, no differences in 
heating time due to differences in aggregates were observed. 

Some tests in which both sand-gravel and Haydite specimens were 
steamed in the mold at the age of 4 hr. indicated about the same 
heating time as when steamed after hardening for 48 hr. It is be- 
lieved, therefore, that the data in Fig. 1 may be applied to the steaming 
of plastic as well as hardened concrete. 

Relation Between Steaming Treatment, Cracking and Checking 

Table 1 summarizes the results of tests to determine the effect of 
different steaming treatments on the cracking and checking of speci- 
mens of different thickness. By wetting the smooth surface which 
resulted from the vibration in steel molds and observing it under 
strong reflected light it was possible to detect exceedingly fine checks 
or cracks and thus to note the relative influence of variations in the 
heating, cooling or pressure release periods of the steaming cycle. 

It will be apparent from Table 1 that sand and gravel specimens 4, 
8 or 12 in. thick were steam cured in some runs without the develop- 
ment of cracks or checks which could be detected. When the steaming 
treatment was modified, however, either by decreasing the heating 
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Fic. 1—RELATIONSHIP BETWEEN THE TIMES REQUIRED TO HEAT STEAM- 
ING CHAMBER AND INTERIOF OF CONCRETE SPECIMENS TO 350° pf. 


All specimens 15 in. square; thickness as shown—Chamber temperatures of 212° F, were attained at 


70, 110, 165 and 290 minutes respectively with heating periods of 3, 5, 8 and 12 hours. During balance 
of period of heating to 350° F., the cylinder pressure increased at an approximately constant rate from 
0 to 120 lb, per sq. in. gage. 


period, the cooling period, or the pressure release period, or by re- 
moving the specimens at higher temperatures, checks or cracks were 
eventually formed which should not be tolerated in high quality con- 
crete. The data also reveal quite clearly that the susceptibility to 
damage by cracking or checking increased markedly with the thickness 
of specimen and that a steaming treatment, which is satisfactory for 
one thickness may have to be modified substantially to produce 
equally satisfactory results with a greater thickness. 


The data of Table 1 also show that all Haydite specimens contained 
checks regardless of the steaming treatment or thickness of specimen 
and that all 8 and 12-in. specimens contained cracks. On the other 
hand, although all 4-in. specimens contained checks, none appeared to 
be cracked. It should be emphasized that the checks present could 
only be seen when the surface was wetted and observed under reflected 
light and that they were not believed to be particularly undesirable 
except possibly in surfaces exposed to the weather. The cracks present 
in all 8 and 12-in. Haydite specimens were judged to be very undesir- 
able and to impair the usefulness of the concrete for most purposes. 


Recommended Minimum Requirements for Steaming to Avoid Cracks 
or Checks 
On the basis of various comparisons which can be made of the data 
in Table 1, Table 2 and the accompanying notes have been prepared to 
define the minimum requirements to be observed in steaming concrete 
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TABLE 1—EFFECT OF STEAMING TREATMENT AND THICKNESS ON CRACKING 
AND CHECKING OF GRAVEL AND HAYDITE CONCRETE 


Specimens 15 in. square and 4, 8 and 12 in. thick made with sand and gravel and Haydite aggregate 
with grading and mix as detailed in Table 7 were steamed at the age of 48 hr. 


Chamber temperatures of 212° F. were attained at 110, 165 and 290 min. respectively with heating 
periods of 5, 8 and 12 hr. During the balance of the heating period to 350° F’. the chamber pressure 1n- 
creased at an approximately constant rate from 0 to 120 lb. per sq. in. gage. 


The constant temperature period at 350° F. varied from 12 to 16 hr. and averaged about 14 hr. for 
ane. The concrete in the interior of even the thickest specimens was exposed to 350° F. for at least 
8 hr. 

In the runs with pressure release periods of 5 hr. the pressure decreased gradually with normal cool- 
ing of the chamber in conformity with the time-pressure schedule specified under ‘Cooling Period” in 
the notes accompanying Table 2. In Run No. 32 with the 4-hr. pressure release period, the pressure 
decreased as in the 5-hr. period except that the 5-lb. pressure remaining in the chamber after 4 hr. 
was released through valves to 0 lb. gage in about 3 min. With pressure release periods of 44 hr. and 
2 hr. the steam was released through valves which were adjusted to reduce the pressure at a constant 
rate from 120 to 0 lb. in the time designated. 


Details of Steaming Treatment Notes on Checking and Cracking of Specimen 
i, Temp. of 2 
Run Period in Specimen Thick- 
No. | Chamber hr. | When Re- | Pressure | ness 
—j|———|moved From] Release of Gravel Haydite 
Heat- | Cool- | Chamber Period | Spec. = 
ing ing CFR. hr, in. Cracks Checks Cracks Checks 
24 5 24 100-120 5 4 None None None Many? 
Tracel Trace? Many Med. 
4 None None None Med.8 
26 8 24 100-120 5 8 None Trace® Few? Med.1° 
12 Fewé Few? Med. Many!! 
4 None None None Med. 
31 12 24 120-140 5 8 None None ew Many 
12 None None Med. Many 
28 8 10 180-200 5 4 Nonett None None Many 
8 None Tracels Many! Many!® 
32 8 4% 275-300 4 4 Tracel9 Med. —— —— 
8 Few?2? Many —— — 
29 8 24 90-110 2 4 None None None Many? 
8 Few?! Med.” Few Many” 
30 8 28 70-90 Vy 4 None Trace None Many?8 
8 Few’ Many”? Few Many?” 
33 8 1g | 340, Gravel 1 4 None Many None Many 
290-320, 8 Few Many Many Many 
Haydite 


NOTES FOR TABLE | 
() None on face but trace at edges. 


() pecans negligible. Somewhat more numerous and pronounced than in 8-in. specimen, Run 
0. 26. 

(3) Liberal amount of fine checks more numerous and deeper than in 4-in. specimen, Run No. 26. 

(4) Medium amount of fine checks somewhat deeper and wider than in 4-in. specimen this run but 
about the same as in 8-in. specimen, Run No. 26. : 

(5) Very faint trace, considered negligible. 

(6) Cracks present were very fine and continuous. 

(7) Enough to be considered undesirable in high quality concrete. 

(8) Medium amount fine checks. 

(2) Contained some cracks not as bad as 8-in. specimen, Run No. 27. 

(io) Medium amount of fine checks somewhat deeper and wider than in 4-in. specimen this run. 

(11) Checks somewhat deeper and closer together than in 8-in. specimen this run. 

(2) Checks were more numerous and somewhat wider and deeper than in 4-in. specimen this run 

(18) Checks were similar to those in 8-in. specimen this run but slightly deeper. : 

(14) This 4-in. specimen appears to be equivalent in quality to 4-in. specimen Run No. 26. 

(18) Checks were slightly more pronounced than in 8-in. specimen Run No. 26 but definitely less in 
amount, depth and width than in 8-in. specimen, Run No. 27. ; 

(8) Checks were definitely deeper and more numerous than in 8-in. specimen this run and slightly more 
pronounced than in 4-in. specimen, Run No. 26. 

(17) Cracking was somewhat less in amount and width than in 8-in. specimen, Run No. 27. 


(Notes for Table 1, continued on next page) 
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(Notes for Table 1—concluded) 


(8) Checks were not as deep or numerous as in 4-in. specimen this run but were slightly deeper and 
more numerous than in 8-in. specimen, Run No. 26. 

(19) The trace of cracks present appeared to be on verge of becoming longer and deeper. Checks 
present should be avoided in high quality concrete. 

(2°) The few cracks present were on verge of becoming more pronounced and numerous. 

(1) Cracks very thin, believed to be on verge of becoming wider and deeper. 

(#) Although moderate in number the checks present appeared fairly deep. 

(3) Checks were fairly deep and wide. 

(24) Checks were about equivalent to those in 4-in. specimen this run. 

(2) The trace of checks present was judged to be undesirable in high quality concrete. 

(2) The cracks present were very fine and appeared to be continuous and on the verge of becoming 
more pronounced. Should never be tolerated in high quality concrete. 

(27) a epeere were numerous and well defined. They were more pronounced than in 8-in. specimen, 

un. No. 2§ 

(28) The checks were numerous and fairly deep. 

(29) The checks were not quite as numerous as in the 4-in. specimen this run but were somewhat more 
numerous and deeper than in the 8-in. specimen, Run No. 29. 


TABLE 2—-RECOMMENDED MINIMUM HEATING, COOLING AND CONSTANT 
TEMPERATURE PERIODS 


(For use with sand and gravel and other dense aggregates. See text for discussion 
of light-weight aggregate) 


Heating Period. The flow of steam to the steaming chamber should be adjusted so as to gradually 
attain chamber temperatures of 212° F. in a period not less than 40 per cent of the total period of heating 
to 350° F. of 5, 8, or 12 hr. During this first part of the period of heating to 350° F. the chamber should 
be vented at the top to expel air. During the balance of the period of heating to 350° F. the flow of 
steam should be adjusted to increase the chamber pressure at an approximately constant rate from 0 
to 120 p.s. i. gage. 

Constant Temperature Period. During this period the gage pressure should be held as nearly constant 
as possible at 120 p.s.i. The length of the periods given are based on the graphs in Fig. 1 and will 
usually be adequate to expose the interior of the specimens to 350° F. for at least 8 hr. 


Cooling Period. Specimens 4 and 8 in. thick should not be removed from the steaming chamber at 
temperatures higher than 180° F. and specimens 12 in. thick at temperatures not higher than 150° F. 
During each cooling period the pressure should be reduced gradually from 120 to 0 p.s.i. gage in not less 
than 5 hr. and not faster than according to the following time-pressure schedule: 1% hr., 90 lb.; 1 hr., 
70 lb.; 1% hr., 50 lb.; 2 hr., 40 lb.; 2% hr., 30 Ib.; 3 hr., 20 lb.; 3% hr., 10 lb.; 4 hr., 5 Ib.; 5 hr., 0 lb. 


Period of Constant 


Thickness of Heating Period Temperature at Cooling Period | Total Time in 
Concrete in. to 350° F. hr. 350228), br: From 350° F. hr. | Chamber hr. 
4 ; 5 9 10 | 24 
8 8 10 12 30 
12 12 12 24 | 48 


made with sand and gravel or similar dense aggregates to prevent 
checking or cracking. 

The recommendations embodied in Table 2 may also be applied to 
the steaming of concrete specimens 4 in. thick made with Haydite, or 
other light-weight porous aggregates, but as mentioned above some 
fine surface checks will probably develop. Similar Haydite specimens 
8 or 12 in. thick will probably be cracked under the treatment recom- 
mended for dense aggregate of the same thickness. Thus far no method 
of steaming can be recommended which will eliminate surface checking 
entirely from 4-in. specimens, or formation of surface checks and cracks 
in 8-in. and 12-in. specimens of Haydite, of the type employed in these 
tests. Perhaps Haydite having a denser structure and lower ab- 
sorptive properties than that used could be found which would produce 
concrete that, like the cinder aggregate concrete used in some tests, 


would not crack upon steaming. 
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TABLE 3—FLEXURAL STRENGTH OF PLAIN CONCRETE BEAMS GIVEN DIFFERENT 
STEAMING TREATMENTS 


Beams 12 in. wide, 36 in. long, and 4 and 8 in. deep, made with Elgin sand and gravel graded 0-34 in. 
and a cement-silica mixture consisting of 60% by weight of portland cement (Laboratory mixture of 
4 brands) and 40% of 0-No. 200 ground Ottawa silica sand. 

The Elgin aggregate was graded as follows: 14% by weight, 0-No. 28; 10% No. 28-14; 8% No. 14-8 
8% No. 8-4; 30% No. 4-3% in.; and 30% 3-3 in. 

The mix consisted of 1 part by weight of cement-silica mixture, 5 parts of sand and gravel and a 
minimum of water required for good placement by high frequency vibration. The concrete contained 
approximately 635 lb. of cement-silica mixture and 32.4 gal. of water per cu. yd. 

The modulus of rupture of each beam was first determined by 44-point loading with a span of 34 in. 
and then by center loading of the longest portion of the broken beam, using a span of 17 in, Three 
beams were tested for each condition. 

Compressive strengths are based on 3 to 6 tests of portions of the broken beams loaded as modified 
prisms 12 in. high by applying load to the smooth sides of the beams through steel bearing plates 
directly opposite each other similar to the modified cube tests described by Koenitzer. (L. H. Koenitzer 
—Proposed Method of Making Compression Tests on Portions of Concrete Beams from Flexure Tests; 
Proc. Am. Soc. Testing Mat., Vol. 34, Part 2, p. 406-413). With 4-in. beams the effective cross-section 


of the modified prisms was about 4 by 6 in. and with 8-in. beams about 5 by 8 in. 


Details of Steaming Treatment Modulus of Rupture 
ss. p.s.i. 
Temp. of = a = 
Period Period Spec. ¥-Point ~ Center : Notes 
in at When Loading Loading on, 
Run! Chamber [Constant] Re- Cracking 
No. hr. Temp. | moved Age an 
—— |——_ of From When ane Were : S Comp.| Checking 
Heat-| Cool- | 350° F. | Cham- |Steamed,| 4 3 FS a) S Ses ee 
ing | ing hr. ber hr. St See ese St eda rena Oreeckss Checks 
Beams 4 in, Deep 
38 5 4% 9% 340 4 800] 855| 835/1020/1195/1130| 5910 | None | Many 
48 775| 875| 820|1010/1135|1075| 6195 Incip.| Many 
37 5 10 9 180-200 4 880| 960} 910/1145}1160|1155| 6235 None | None 
48 920|1010| 970)1100|1250|1175| 6250 None | Trace 
43 5 30 9 100 4 905| 970| 945/1115|1210|1160| 6395 | None | None 
24 940) 970| 955)1040)1175|1105) 5925 | None None 
48 975/1025| 980/1040}1185|1115| 6190 | None None 
39 3 10 9 180-200 4 750| 830) 800] 955|1065|1015| 5935 | None | Trace 
48 880! 960! 915)1065/1195/1115| 6120 | None Med. 
Beams 8 in. Deep 
36 8 % 11 340 4 655| 720| 690! 855] 955| 915] 6645 | Incip.| Med. 
48 615| 750} 695| 850|1030| 940] 6390 | Incip.| Med. 
35 8 12 10 180-200 4 865| 935) 905)1155|1165|1160| 6840 | None | Trace 
48 815| 830] 825/1150|1190|1170) 6600 | None | Trace 
42 5 12 11 180-200 4 835| 855| 850/1050/1070}1060| 6245 | Trace| Med. 
48 730) 755| 740] 960|1090|1030| 6020 | Trace] Med. 


Relation Between Steaming Treatment and Flexural Strength of Plain 

Concrete Beams 

Table 3 summarizes the results of tests to determine the influence 
of different steaming treatments on the flexural strength of plain con- 
erete beams made with sand and gravel aggregate. These tests pro- 
vided a means for checking the correctness of the recommendations 
embodied in Table 2. They also served as a means of correlating the 
qualitative observations on the cracking and checking of the 15-in. 
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square specimens 4 and 8 in. thick, with quantitative data on moduli 
of rupture of beams 12 in. wide, 36 in. long and 4 and 8 in. deep. 


A study of Table 3 reveals the marked influence of the steaming 
treatment on the moduli of rupture of beams 4 and 8 in. deep. In this 
table Run No. 37 and Run No. 35 represent the application of the 
minimum requirements specified in Table 2 for the 4 and 8-in. beams 
respectively. When the steaming treatment was altered, as in the other 
runs represented, either by reducing the heating or the cooling period, 
lower moduli of rupture were obtained in every instance in both 44 
point and center loading tests. It is interesting to note that when the 
beams were steamed as recommended (Runs No. 37 and 35) the 
average moduli of rupture of the 4 and 8-in. beams were practically 
identical for the center loading and very nearly alike for the third- 
point loading. Comparison of the moduli of rupture of 8-in. beams 
steamed in Run No. 36 with those of 4-in. beams steamed in Run No. 
38, indicate that thick beams are more susceptible to damage by rapid 
cooling and pressure release than thin beams. Neither the tests in Run 
No. 43 nor those in any of the other runs indicated any marked in- 
fluence of age of specimen at the beginning of the steaming cycle on 
the modulus of rupture. In general, it appears that factors which 
influenced the modulus of rupture also influenced the compressive 
strength in a similar manner but to a lesser degree. This indicates that 
the modulus of rupture is probably a more reliable criterion of the 
quality of steam-cured concrete than compressive strength. On the 
whole, there appeared to be excellent correlation between the effects 
of different steaming treatments on the quality of concrete as judged 
by observations on the extent and nature of checks and cracks and by 
the beam strengths. 


Effect of Type of Aggregate on Flexural Strength of Steam-Cured Plain 
Concrete Beams 


The results in Table 4 indicate the marked influence of type of 
aggregate on flexural (and compressive) strength of beams 4 and 8 in. 
deep when steamed under identical conditions at the age of 48 hr. In 
general, the moduli of rupture are slightly higher for the 4-in. than for 
the 8-in. beams, but the compressive strengths are usually somewhat 
lower. With Haydite both the modulus of rupture and compressive 
strength were markedly lower for the 8-in. beams. This large reduc- 
tion in strength is apparently due to the combined effect of cracks and 
checks which seem to be inherent in steam-cured concrete of thicker 
sections made with this type of Haydite aggregate. It is interesting to 
note that the modulus of rupture of the 8-in. cinder beams, which con- 
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TABLE 4—EFFECT OF TYPE OF AGGREGATE ON FLEXURAL STRENGTH OF 
STEAM-CURED PLAIN CONCRETE BEAMS 


Beams 12 in. wide, 36 in. long, and 4 and 8 in. deep. 


Cinders A, porous uncrushed cinders; Cinders B, dense crushed cinders. See Table 7 for information 
on cinders and other materials used. 


Steaming Treatment: At age of 48 hr. the 4 and 8-in. beams were steamed as detailed in Table 3 


for Runs No. 37 and 35, respectively, and in conformance with the minimum requirements specified in 
Table 2 for each thickness. 


Modulus of rupture and compressive strength determined at ages of 7 days and 10 months after 
steaming, as described in notes accompanying Table 3. 


Modulus of Rupture, 


Age p.s.1. 
Type Tested —— ——— Com- Notes on 
Run fo) After pressive Cracking and 
No. | Aggregate | Steam- 1-Point Loading Center Loading Strength, Checking 
ing p.s.. — ——— 
Min. | Max. | Av. | Min. | Max. | Av. Cracks | Checks 
Beams 4 in. Deep M 
37 | Gravel Ge 920 | 1010 970 | 1100 | 1250 | 1175 6250 None Trace 
48 | Gravel 10mo. 1030 | 1065 | 1040 | 1035 | 1275 | 1190 6590 None | Trace 
49 | Marble 7d. 575 615 605 660 690 680 4870 None None 
49 | Marble 10mo. 630 700 665 770 825 790 5690 None | None 
47 | Granite 7d. 620 705 675 825 860 835 6230 None | None 
47 | Granite 10mo. 735 785 750 920 | 1030 970 6630 None | None 
40 | Haydite* 7d. 430 505 475 605 675 640 4270 None | Many 
45 | Haydite 10mo. 500 535 520 635 765 720 4040 None | Many 
40 | Haydite 7d. (420)| (485)| (450)| (550)} (660)| (610) (4170) (None) |(Many) 
67 | Cinders A} 7d. 415 445 430 525 580 545 2320° None | Trace 
67 | Cinders B| 7d. 570 675 635 750 860 800 3860 None | Trace 


Beams 8 in. Deep 


35 Gravel 7d. 815 830 825 | 1150 | 1190 | 1170 6600 None | Trace 
51 | Gravel 10mo. 865 935 895 | 1090 | 1180 | 1145 6540 None | Trace 
50 | Marble 7's 575 610 590 675 735 705 4970 None | Trace 
50 | Marble 10mo. 610 660 630 765 770 765 5150 None | Trace 
48 | Granite 7d. 610 655 635 740 895 795 6340 None | Few 
48 Granite 10mo. 665 700 685 885 985 925 7160 None | Few 
51 | Haydite 7d. 195 220 210 260 285 275 3525 Man M 

54 | Haydite 10mo. 265 385 305 415 505 470 3690 ae eee 
56 | Cinders A| 7d. 345 400 380 460 490 480 1920 Non 1c 

66 | Cinders B| 7d. 680 680 680 850 865 855 4390 None Trace 


*Values in parentheses are for beams steamed at age of 4 hr. instead of 48 hr. 


tained no cracks and only a trace of checks, was appreciably higher 
than that of the 8-in. Haydite beams having nearly twice the com- 
pressive strength but containing cracks and checks. In general, it 
appears that with the exception of Haydite, the different aggregates 
represented in Table 4 may be steamed as recommended in Table 2 
without the development of cracks or checks. Since the tests with 
gravel (Table 3) indicated no appreciable difference between beams 
steamed at ages of 4, 24 or 48 hr. the tests with marble, granite, and 
cinders were confined to steaming at the age of 48 hr. In one of the 
runs where 4-in. Haydite beams were steamed at the age of 4 hr. as 
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Modulus of Rupture 
- lb. per sq. in 


~ lb. per sq. in 


®@- Mo/st-cured beams, tested at /0 months 
” ” ” /0 
Dy 7 days. 


Compressive Strength 


Fig. 2—CoMPARISON OF FLEXURAL AND COMPRESSIVE STRENGTH 
OF STEAM-CURED AND MOIST-CURED CONCRETE 


Modulus of Rupture (14 point loading) of beams 12 in. wide, 36 in. long and 4 and 8 in. deep. Each 


value is the average of 3 specimens. : ' 
Compressive Strength determined on broken sections. Each value is the average of 6 tests. 


Data from Tables 4 and 5. 
well as at 48 hr. similar strengths were obtained thus providing further 
evidence that the age when steaming begins is not important. 


Strength Tests of Concrete 7 Days and 10 Months After Steaming 


Table 4 includes the results of tests of modulus of rupture and com- 
pressive strength made on companion beams at 7 days and 10 months 
after steaming. These data indicate, in general, that the flexural and 
compressive strengths of the concrete were at least as great 10 months 
after steaming as a few days after steaming and that the very great 
acceleration in strength that occurs during properly applied steam 
curing provides concrete with substantially permanent strength 


properties. 
Comparison of Flexural and Compressive Strength of Steam-Cured and 
Moist-Cured Concrete 

The graphs in Fig. 2, based on the data of Tables 4 and 5, show quite 
clearly that the steam-cured concrete made with dense, natural ag- 
gregates and the optimum percentages of silica had lower transverse 
and compressive strengths than corresponding concretes made without 
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TABLE 5—-TESTS OF MOIST-CURED PLAIN CONCRETE BEAMS MADE WITH DIFFERENT 
AGGREGATES FOR COMPARISON WITH STEAM-CURED BEAMS IN TABLE 4 


Beams 12 in. wide, 36 in. long, and 4 and 8 in. deep. 

Mix: For a given aggregate the materials and quantities were identical with those used in the 
steam-cured beams in Table 4 except that straight portland cement instead of the cement-silica mixture 
given in Table 7 was used. The water used was the minimum required for good placement by high 
frequency vibration and is also given in Table 7. 

Curing: 28 days in moist room and then stored in air of laboratory for 9 months until tested. 

Modulus of rupture and compressive strength determined at the age of 10 months as described in 
notes accompanying Table 3. 


Modulus of Rupture, p.s.1. 
ta ; =——----— : Com- Notes on Cracking 
Type of 1%-Point Loading Center Loading pressive and Checking* 
Aggregate = : - Strength, ; 
Min. | Max. Ay. Min. | Max. Av. p.s.. Cracks | Checks 
Beams 4 in. Deep 
Gravel 1085 1165 1120 1355 1435 1390 6730 None Many 
Marble 915 950 930 1035 1260 1145 6920 None Many 
Granite 1020 1040 1030 1155 1280 | 1200 6630 None Many 
Haydite 225 325 270 285 335 315 3750 Some Many 
Beams 8 in. Deep 
Gravel 855 965 915 1100 1195 1160 7920 None Many 
Marble 675 730 700 875 930 905 6800 None Many 
Granite 710 840 795 925 995 970 7230 None Many 
Haydite 140 180 155 190 245 215 3920 Many Many 


*Observations for checks and cracks were made in the same manner as described in text for steam- 
cured specimens under ‘‘Relation between Steaming Treatment, Cracking and Checking.” Many 
fine checks were discernible in the smooth moistened surfaces of all 4 and 8-in. specimens, especially 
with Haydite concrete. Although the gravel, marble and granite specimens were liberally checked they 
did not appear to contain cracks. However, the 4-in. Haydite specimens contained some fine cracks 
in addition to the many surface checks, and the 8-in. Haydite specimens contained both fine and large 
cracks. None of these cracks were readily apparent unless the concrete surface was smooth and moist- 
ened. The concrete in the interior of freshly broken Haydite beams was noticeably damp, particularly 
for the 8-in. specimens. 


silica moist cured 28 days and tested at the age of 10 months. The 
corresponding tests with Haydite concrete, however, showed higher 
transverse strength for the steam-cured material but about the same 
compressive strength as for the moist-cured concrete. * 

The notes on checking and cracking for Tables’ 4 and 5 indicate that 
with dense natural aggregates the surface of the steam-cured concrete 
contained no checks or only a trace of checks, whereas the surface of 
the most-cured concrete was liberally checked. Although the surface 
of Haydite concrete was liberally checked, whether steam-cured or 
moist-cured, the 4-in. steam-cured specimens did not contain the fine 
cracks observed in the moist-cured specimens. The surface of the 
Haydite concrete in 8-in. specimens was liberally checked and cracked 
whether steam or moist-cured. It appears, therefore, that although 
steam-cured concrete made with dense natural aggregates may have 
somewhat lower flexural and compressive strengths than moist-cured 


*In this connection it appears important to point out that tamped hollow concrete block having face 
shells of relatively thin section (144 in.) in comparison with the solid concrete 4 and 8 in. thick used in 
these tests, showed compressive strengths at least as great for the steam-cured as for the moist-cured 
block with Haydite and cinders and substantially higher strengths with sand-gravel aggregate. 
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TABLE 6—EFFECT OF VARIOUS PERCENTAGES OF 0-NO. 200 SILICA IN THE CEMENT PASTE 
{ON THE FLEXURAL STRENGTH OF STEAM-CURED PLAIN CONCRETE BEAMS 


Beams 12 in. wide and 36 in. long, and 4 and 8 in. deep, all made with Elgin sand and gravel graded 


Ree se detailed in Table 7 except that various percentages of silica ranging from 0 to 40% by weight 


_ Steaming treatment: Beams and 6 by 12-in. cylinders were steamed at the age of 48 hr. as detailed 
in Table 3 for Runs Ne. 35 and 37 and as recommended in Table 2 for beams of 4 and 8 in. depth. 


Modulus of rupture of beams and compressive strength of broken beams (modified prisms) deter- 
mined as described in notes accompanying Table 3. 


op eon cylinders, standard 6 by 12 in., vibrated from the same type of concrete used in the 
as. 


Modulus of Rupture Compressive Strength 
Per Cent p.s.i. p.s.i. 
Silica By | oo -;———-—----- Modulus of 
Run | Weight in ) i A in eete.e Elasticity 
No. Cement- 144-Point Loading Center Loading 12-in. of 6 x 12-in. 
Silica = ; Modified | 6x 12-in. Cylinders 
Mixture Min. | Max. | Av. Min. | Max. | Av. Prisms Cylinders p.s.i. 
Beams 4 in. Deep 
63 0 1010 | 1085 | 1045 | 1195 | 1230 | 1215 6550 4200 SSS 
63 10 825 905 860 | 1025 | 1075 | 1045 5500 4280 SSS 
64 20 759 890 835 955 | 1055 | 1020 5550 5720 |* SS 
64 30 925 950 935 | 1045 | 1130 | 1060 6170 6400 SS 
65 40 895 | 1015 945 | 1105 | 1180 | 1150 6850 6340 Sees 
65 50 870 945 910 | 1025 | 1155 | 1090 6380 6100 == ES 
Beams 8 in. Deep 
54 0 595 680 630 fas; 860 785 3840 6935 4,320,000 
55 | 10 730 795 765 885 | 1035 965 4480 6310 3,880,000 
55 20 835 910 865 | 1030 | 1110 | 1070 5265 6310(**} 4,160,000 
56 30 900 915 910 | 1080 | 1245 | 1160 6045 7235 4,280,000 
35 40 | B15 830 825 | 1150 | 1190 | 1170 6600 7220 4,110,000 
66 50 805 | 880 840 | 1010 | 1145 | 1085 6120 6425] 3,400,000 
| 


*These cylinders were steamed in Run No, 59 to correspond with treatments for 4-in. beams. 
**These cylinders were steamed in Run No. 61 to correspond with treatments for 8-in. beams. 


concrete, it will not be as susceptible to surface checking or cracking. 
Similarly, although Haydite concrete will be checked in 4-in. specimens 
or checked and cracked in 8-in. specimens with both types of curing, 
it appears that the steam-cured Haydite concrete is superior from the 
standpoint of flexural strength. 


Effect of Fine Silica on Flexural and Compressive Strength 


The curves of Fig. 3 based on the data in Table 6, show the effect of 
different percentages of fine silica (ground Ottawa Sand 0-No. 200) in 
the cement paste on the flexural and compressive strength of concrete 
in 4 and 8-in. beams made with sand and gravel. It will be seen that 
with 30 or 40 per cent of silica, the modulus of rupture of 8-in. beams 
was approximately 50 per cent higher than when no fine silica was 
present, except that supplied by the fine sand particles in the active 
0-No. 48 size range. In contrast with these results with 8-in. beams, 
the tests with 4-in. beams showed no improvement in the modulus of 
rupture with 30 or 40 per cent of silica over mixes containing nominally 
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Fic. 3—EFrFECT OF VARIOUS PERCENTAGES OF SILICA ON THE 
FLEXURAL STRENGTH OF STEAM CURED PLAIN CONCRETE BEAMS 


Aggregate: Elgin sand and gravel : 
Specimens tested within 7 days after steaming. 
Data from Table 6 


0 per cent silica. However, it is interesting to note that with 30 or 40 
per cent of silica the flexural strengths of 4 and 8-in. beams were nearly 
identical even though with nominally 0 per cent silica they were quite 
different. This difference in influence of silica on flexural strength (and 
on the compressive strength of the modified prisms) can not be satis- 
factorily explained without considerable further study, although it is 
believed mainly to be due to differences in the time of curing and thick- 
ness of specimens. 


Fig. 3 also shows that different percentages of fine silica appear to 
have the same general effect on the compressive strength when de- 
termined on broken beam sections tested as modified prisms, as on the 
flexural strength of the original beams. Compressive strengths based 
on tests of 6 by 12-in. cylinders (dash line curves in Fig. 3) showed 
considerable variation from the tests on the modified prisms. Again 
it is believed that this variation reflects the influence of differences in 
curing that the concrete received due to the differences in the size 
and shape of the cylinders and beams. This is borne out by the fact 
that the different steaming treatments used for the 4 and 8-in. beams 
had a marked influence on the strength of the cylinders, particularly 
for lower percentages of silica. 


In general, the test on large specimens confirms the results obtained 
with small specimens with respect to the advantage of using fine silica 
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TABLE 7—WBEIGHTS OF MATERIALS AND GRADING OF AGGREGATES USED 
IN BEAM SPECIMENS 


In general, beams were made with a cement-silica mixture consisting of 60% by weight of portland 
cement (laboratory mixture of 4 brands) and 40% of Ottawa silica sand ground 0-No. 200 sieve. In 
the case of Haydite beams the cement-silica mixture consisted of 75% of cement and 25% silica. 
in Ks cases the water used was the minimum required for good placement by high frequency vi- 

ration. 


Weight of Materials Used 
; lb. per cu. yd. Concrete 
Per Cent By Weight of Each — 


Aggregate Sieve Size in 0-34-in. Aggregate Aggre- | Cement- 
Mixture—Tyler Std. Sieves gate Silica 
) * (Dry Mix- 
0-28 | 28-14 | 14-8 8-4 | 4-3 in. |3%-34 in.| Basis) ture Water|Total 
Elgin sand & gravel | 14.0 | 10.0 8.0 8.0 30.0 30.0 3180 635 270 | 4085 
Georgia white 
marble 17.6 5.8 Wee toda 45.6 10.7 3150 630 263 | 4043 
Wisconsin red 
granite : 14.2 6.5 | 10.5 | 18.8 42.0 8.0 3045 609 279 | 3933 
Western Haydite 23..0)1.12.0 8.5 8.5 25.0 25.0 1530 634 422 | 2586 
Porous uncrushed 
cinders, A* 20.0 | 10.0 8.0 | 20.0 42.0 0 1840 590 550 | 2980 
Dense crushed 
cinders, B 20.0 | 10.0 8.0 | 20.0 42.0 0 2710 620 410 | 3740 


*Two distinctly different types of cinders were obtained by separating the same lot of soft-coal power 
plant cinders, ranging from dust to about l-in. size, on the 3%-in. screen. One type, a light uncrushed 
porous cinders, comprised material passing the %-in. screen. The other type consisted of material 
crushed from the 8%-in. to l-in. cinder particles which produced a relatively heavy, dense cinder ag- 
gregate having a unit weight about 50% higher than the porous uncrushed cinders. 


with steam-cured concrete. They also indicate that the use of silica 
in optimum percentages (30-40%) in the large specimens reported in 
Tables 1, 3 and 4 was fully justified regardless of the type of aggregate 
used. 
COMMENTS ON VARIOUS FEATURES OF THE STUDY 

Lightness of Color 

During the steaming treatment the normally grey color of the 
cement is bleached to an almost white color. As a result the steam- 
cured concrete is markedly lighter than similar moist-cured concrete. 
Moisture Loss During Steaming 

All steam-cured concrete had a lower moisture content after than 

‘before steaming. Specimens 4 in. thick made with various aggregates 

usually lost from 35 to 40 per cent of the total moisture present in the 
concrete at the time of molding; specimens 8 in. thick lost from 25 to 
30 per cent. Most of the moisture lost leaves the specimens during the 
cooling and pressure-release periods in the steaming chamber. 


Whitish Deposit After Steaming 

When removed from the steaming chamber the surfaces of the slabs 
and beams made with rich concrete were covered with a very light, 
fluffy white deposit which could easily be dusted or wiped off with a 
damp rag to expose a smooth unblemished surface. This deposit was 
observed with all types of aggregate used and was found by analysis 
to be principally calcium carbonate. 
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TABLE 8—COMPARISON OF BOND RESISTANCE OF STEEL BARS EMBEDDED IN MOIST- 


CURED AND STEAM-CURED SAND AND GRAVEL CONCRETE ; , 

Bond tests made by applying a pull on one end of round steel bars 24 in long embedded axially in 
8 by 8-in. concrete cylinders as illustrated in Fig 1, Bulletin 17, Structural Materials Research Labora- 
tory, Lewis Institute, Chicago. Speed of movable head of testing machine was .057 in. per min. and 
end slip of bar was measured with a .0001-in. Federal gage. With %-in deformed bars the maximum 
bond was limited either by stretching of steel or continued slip under load; with 1-in. deformed bars 
the maximum bond was limited by splitting of cylinders. Readings usually continued until slip of 
about 0.1-in. for plain bars and 0.2-in. for deformed bars occurred. ‘ 

Compression tests made on standard 6 by 12-in cylinders from the same concrete and placed in the 
same manner as the pull-out specimens. P 

The Elgin aggregate was graded as follows: 14.8% by weight of 0-No. 28; 9.25% No. 28-14; 6.30% 
No. 14-8; 6.65% No. 8-4; 15.75% No. 4-% in.; 31.5% 34-34 m.; 15.75% 34-1) in. 

The mix consisted of 1 part by weight of cement (or cement-silica mixture), 7 parts of sand and gravel, 
and the minimum of water required for good placement by hand rodding and high frequency vibration. 
The concrete contained approximately 3180 lb. of aggregate and 455 lb. of cement or cement-silica 
mixture per cu. yd. For hand placing the water used was 31.8 and for vibration 27.6 gal. per cu. yd. 
Moist-cured specimens were made with both normal (N) and high early (H.E.) strength cements. The 
normal portland cement was a mixture of equal parts of 4 brands; the high early strength cement a 
mixture of equal parts of 3 brands. Steam-cured specimens were made with normal strength cement 
(N) and with a cement silica mixture (C.S.) consisting of 60 per cent by weight of cement (N) and 40 
per cent of 0-No. 200 Ottawa silica sand (8). i 

In molding the pull-out cylinders the embedded bars were accurately centered and held firmly in 
vertical position during compaction of the concrete. Concrete placed by hand was rodded in 3 layers 
in standard manner. Concrete placed by vibration was placed continuously in the mold until filled 
during the first 44 min. of vibration and was vibrated for 14 min. after filling. During vibration the 
mold was clamped firmly to the vibrating table operated at a frequency of 4200 vibrations per min. 
Special precautions were taken to prevent leakage of water from the mold, particularly where the bar 
passed through the hole in the bottom plate of the mold, to avoid honeycomb at this point. Steam- 
cured specimens were steamed at age of 24 or 48 hr. for 9 hr. in saturated steam at 330° F. with a gradual 
heating period of 5 hr. and cooling period of 10 hr. 

Steel Bars: Plain bars were commercial ‘‘hot rolled’’ steel 14 and 1 in. in diameter; deformed bars 
were nominally 14 and 1 in. in diameter designated commercially as ‘‘new billet deformed round con- 
crete reinforcing bars, intermediate grade.’ The latter had are-shaped projections or lugs staggered 
on 2 opposite sides of the bar. The 1-in. bars had 31 lugs per ft., about in. high, 7s in. wide (axially) 
and ¥% in. long (circumferentially) spaced at a pitch of 34 in. Similarly the 1-in. bars had 15 lugs per 
ft., about <-zs in. high, 2; in. wide, and 1% in. long, with a pitch of 15 in. 

Bond and compressive strengths are the averages for 3 specimens. 


Moist Cured | Steam Cured 

os (Tested Damp as Taken From Moist Room) (Tested Semi-Dry as 

I — ---- Taken From Steam 

cc Age at Test, 7 Days | Age at Test, 28 Days Chamber) 

Wea = eae a= 

ie Bond Strength, = | Bond Strength, Nee Bond Strength, 

a Ce- p.s.i. oF p.s.1. wm «| Ce p.s.1. oD 

a2 |ment i © | o |ment o 

em Ratio, | > ‘Ratio, | = Ratio, | = 

a At at 2 At at B At at a 

6 Slip .0005 | & Slip .0005 | 2 Slip .0005 | 8 

3 of ins tOy lesen Oka in.to | 2. of in. to | @ . 

g& 0005 | Max- | Max., 23 .0005 | Max- | Max., | 8G .0005 | Max- | Max.,| 5 a 

Aa in imum| % |Oag| in imum) % |Oa in imum| % |O2& 

Placed By Hand Rodding 
; - 
Wy in. N. 200 263 76 (3630) 290 423 68 |5240| N. 338 159 24 |2960 
Plain | H.E.| 233 330 70 5720) 245 346 71 |6670/ C.S. 146 319 46 |4760 
yi! in. N. 180 260 69 |3630| 297 412 72 |5240| N. 39 ait 19 {2960 
Plain | N.E 274 429 64 |5720| 293 597 49 16670| C.S. 113 433 26 |4760 
| 
1 in, | N. 286 | 1196 24 |3630| 372 | 1183 31 |5240| N. 106 | 1184 9 |2960 
Def. | H.E.| 390 | 1176 33 15720) 471 | 1173 40 |6670| C.S.| 318 | 1188 27 |4760 
Lint EN: 254 780 33 |3630| 354 | 1051 34 |5240] N. 70 780 9 |2960 
Def. HE) (379s 1170 82 |5720| 367 | 1270 29 16670] C.S. 142 | 1211 12 4760 
i 
Placed By High Frequency Vibration 

Wy in. N. 223 340 65 |4800); 199 | 417 48 |6450| N. 42 192 22 |4450 
Plain | H.E.} 283 445 64 (5750! 331 509 65  |7330} C.S. 15 337 34 (6360 
dine IN: 226 405 56 4800) 238 546 44 |6450] N. 16 264 6 |4450 
Plain | H.E.| 324 612 53 (6750) 337 771 44 |7330| C.S. 109 432 25 - |6360. 
¥% in. | N. 819: |. VLSI 27 |4800} 335 | 1176 29 |6450| N. 122 | 1215 | 10 = |4450 
Def. H.E ff Wp ilaly/al 46 |6750| 486 | 1184 41 |7330} C.S. 229 | 1216 19 6360 
Line Ne 310 989 31 (4800) 358 | 1345 27 =|5450| N. 85 | 1273 7 {4450 
Def. |H.B.| 485 | 1279 34 |6750| 467 | 1538 80 |7330| C.S. 120 | 1282 9 16360 
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Constancy of Shape and Dimensions 


Tests with steel straight edges and careful measurements showed 
that under the steam curing the slabs and beams retained their shape 
and dimensions as well as the character of their surfaces. 

Bond Resistance of Reinforcing Steel 


Tables 8 and 9 give the results of tests to provide information on the 
bond developed in pull-out tests of plain and deformed steel bars em- 
bedded in both steam and moist-cured concrete. A study of these 
results indicates in general that the bond stress between steel and 
steam-cured sand and gravel concrete at a slip of .0005 in. was only 
30 to 50 per cent of that developed in the moist-cured concrete regard- 
less of the size or type of bar used. The bond stress between the steel 
and steam-cured Haydite and cinder concrete at a slip of .0005 in. was 
as low or lower than with the steam-cured sand and gravel concrete. 
In view of the generally low bonds developed in these tests it appears 
that the steam-curing of reinforced concrete products should not be 
attempted commercially without thorough tests of the suitability of 
each type of product for the purpose for which it is intended in service. 
Modulus of Elasticity 

The results of some tests on the modulus of elasticity of steam-cured 
sand-gravel concrete are included in Table 6. The values given are 
based on the secant-moduli of stress-strain curves which were nearly 
straight lines for loads up to about 85 per cent of the ultimate com- 
pressive strength. It will be seen that the modulus of elasticity varied 
from about 3,400,000 to 4,380,000 in an apparently close relationship 
with compressive strength. The percentage of silica present appears 
to influence the modulus of elasticity in the same manner as it in- 
fluenced the compressive strength. 


Maximum Size of Aggregate 

Tests with sand and gravel and with Haydite Fates both 0 to 3% in. 
and 0 to 34 in. indicated that the size range of the aggregate did not 
constitute a factor influencing the results reported herein. They 
showed that the cracking and checking reported for the Haydite 
specimens could not be altered by reducing the size range. Other tests 
showed that the checking could not be eliminated by substituting 
Elgin sand for fine Haydite particles. 

ONE-YEAR BLOCK TESTS 

Table 10 gives the results of recent tests on the compressive strength 
of steam-cured block one year after steaming not available at the time 
the report on the series of block tests was published in the Journat for : 
Sept.-Oct., 1935. These data indicate in general that block stored in 
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TABLE 9—BOND RESISTANCE OF STEEL BARS EMBEDDED IN STEAM-CURED 
HAYDITE AND CINDER CONCRETE 


Tests and test specimens were made in essentially the same manner as described in the notes ac- 
companying Table 8. All specimens represented in this tabulation were placed by vibration and were 
steam cured. Unless otherwise noted the maximum bond was limited by continued slip of the steel 
under load rather than by stretching of the steel or splitting of cylinders. 

The Haydite and porous uncrushed cinders were graded as described in Table 7 but were combined 
with the cement and cement-silica mixtures given below. The portland cement used was the laboratory 
mixture of equal parts of 4 brands (same as N, Table 8) and the silica was 0-No. 200 Ottawa silica sand 
(same as S, Table 8). The mix contained the minimum of water required for good placement by high 
frequency vibration. The quantity of water ranged from 49 to 53 gal. per cu. yd. for the Haydite and 
from 63 to 66 gal. per cu. yd. for the cinder concrete. 


Steel Bars: Same as described in notes accompanying Table 8. 
Bond strengths are the averages for 3 specimens, compressive strengths for 6 specimens. 


Haydite Cinders 

Wt. of Bond Strength, o Wt. of Bond Strength, 7o 

Size |Per Cent} Cement p.s.l. % |Per Cent| Cement p.s.. D 

and Silica | or Ce- : a Silica | or Ce- = o 

Type | By Wt. | ment- Ratio, | = By Wt. | ment Ratio, | > 

of in Ce- Silica At at 2 in Ce- Silica At at S 

Round | ment- Mix- Shp .0005 | 2 ment- Mix- Slip 0005 | 2 
Bar Silica ture, of in. to | & Silica ture, of in. to] 2. 
Mix- lb. per | .0005 | Max- | Max., 5 a| Mix- Ib. per | .0005 | Max- | Max., EG 
ture cu. yd. in. |/imum| % |Oa] ture cu. yd. in. |imum| % Od 
¥ in. 0 370 40 109 37. =|3000 0 655 35 88 40 |1370 
Plain 25 370 89 229 39 |3200 40 655 87 197 44 |2330 
Plain 25 616 302 579 52 4280 40 755 (as 264 29 (3300 
lin. (0) 70 29 153 19 {3000 0 655 19 64 30 {1370 
Plain 25 370 47 248 19 |3200 40 655 32 130 25 |2330 
Plain 25 616 62 260 24 |4280 40 755 37 195 19 |3300 
¥ in. 0 370 93 917 10 {3000 0 655 33 510 6 {1370 
Def. 25 370 126 | 1037 12 |3200 40 655 46 804 6 |2330 
Def. 25 616 188 | 1109 17 ‘(4280 40 755 26 1011 3  |3300 
lin. (0) 370 50 732 7 {3000 0 655 20 346 6 {1370 
Def. 25 370 95 773 12 |3200 40 655 60 669 9 |2330 
Def. 25 616 110 869*| 13 |4280 40 755 40 914* 4 (3300 


*Maximum bond limited by splitting of cylinder. 


TABLE 10—STRENGTH OF STEAM-CURED BLOCK TESTED 7 DAYS AND 1 YEAR 
AFTER STEAMING 


All block tested in air-dry condition at equilibrium with dry air of laboratory. 

Blocks tested 1 year after steaming were companion specimens of block tested 7 days after steaming 
which formed the basis for the previous paper, Studies of High Pressure Steam Curing of Tamped 
Momow, Concrete Block, by Carl A. Menzel, in the Journat of the Amer. Concrete Inst., for Sept.- 

ct., e 


Run Compressive Run Compressive Run Compressive 
No. Type Strength, No. Type Strength, No. Type Strength, 
and of p-s.l. and te) P.sil. of and p.s.i. 
Block Ag- |———,———| Block Ag-  |——-—,———| Block Ag= | 
Group | gregate | 7d. lyr. Group | gregate | 7d. lyr. Group | gregate | 7d. lyr. 
5-R Sand- 1400 | 1625 | 9-X Sand- 1445 | 1490 | 9-Y Haydite| 750 810 
5-R. Gravel | 2130 | 2600 | 9-X Gravel | 1960 | 2300 | 9-Y sf 1200 | 1200 
5-R A 2515 | 3200 | 9-X a 2700 | 3060 | 9-Y 8 1485 | 1445 
5-P me 1320 | 1330 | 7-U ; 1450 | 1490 | 11-AD 2 675 710 
5-P - 2100 | 2220 | 7-U 2240 | 2490 | 11-AD a 975 | 1005 
5-P 2710 | 3200 | 7-U ss 2760 | 3100 | 11-AD * 1280 | 1330 
6-T 1260 | 1420 | 8-V Haydite| 660 585 | 11-AE | Cinders| 530 510 
6-T ; 2130 | 2660 | 8-V s 1230 | 1075 | 11-AE ee 980 | 1000 
6-T 2760 | 3100 | 8-V = 1900 | 1990 | 11-AE is 1675 | 1850 
12-AG 1320 | 1515 | 12-AH te 760 755 | 10-AB : 815 775 
12-AG 1925 | 2215 | 12-AH . 1100 | 1250 | 10-AB % 1100 990 
12-AG : 2255 | 2740 | 12-AH ee 1450 | 1370 | 10-AB oe 1400 | 13840 
8-W 1530 | 1985 | 10-AA He 870 865 
8-W ‘ 2700 | 3200 | 10-AA a 1420 | 1400 
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the laboratory for one year after steaming had strength equal to or 
greater than that developed in tests soon after steaming and that the 
high early strength developed by steam curing is permanent. The 
permanence of strength of steam-cured concrete appears therefore to 
be well established by these tests for characteristically lean tamped 
concrete as well as for the rich, dense concrete tested in flexure and 
compression as reported in Table 4 and discussed under “Strength 
Tests of Concrete 7 Days and 10 Months after Steaming.” 
SUMMARY 


The principal results and recommendations may be summarized 
as follows: 

(1) Plain concrete products, simulating cast stone, were cured 
successfully in saturated steam at 350° F. during a 24 to 48-hr. period 
in the steaming chamber, the exact time depending on the thickness 
of the concrete. The curing of products 4 in. thick was completed in 
24 hr., 8 in. thick in 30-36 hr., and 12 in. thick in 42-48 hr. 

(2) It was found that the steaming treatment could begin at any 
convenient time from 4 to 48 hr. or more after molding. 

(3) The tests show that in products plants the steaming cycle will 
need to be varied for different thicknesses of product, but should always 
provide for a period of constant temperature and pressure with ap- 
propriate periods of gradual heating and cooling. During the heating 
period the temperature in the steaming chamber should rise gradually 
to 350° F., and during the cooling period the temperature and pressure 
should be gradually lowered. The proper steaming cycle and recom- 
mended minimum requirements for steaming various thicknesses are 
described in Table 2. 

(4) The tests indicate that large specimens made with dense, natural 
aggregates, such as sand and gravel, granite, and marble, may be steam 
cured following the recommendations in Table 2 without distortion or 
the development of cracks or fine checks. The steam-cured concrete 
was comparatively dry and light in color. By the use of optimum per- 
centages of silica, leaching or efflorescence will be largely eliminated. 

(5) For concretes using Haydite, or other light-weight porous ag- 
gregates, the recommendations embodied in Table 2 may be applied 
to the steaming of specimens up to 4 in. in thickness, but some fine 
surface checks will probably develop. Haydite specimens, 8 or 12 in. 
thick, will probably be cracked under the treatments recommended in 
Table 2 for dense aggregate of corresponding thickness. Thus far, no 
method of steaming of concrete made with Haydite, of the type em- 
ployed in these tests, can be recommended which will eliminate entirely 
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surface checking in 4-in. specimens or the formation of surface checks 
and cracks in 8 or 12-in. specimens. 

(6) Good correlation was found between the transverse strengths 
of beams and the extent and nature of checks and cracks for different 
steaming treatments. Absence of checks and cracks in a smooth con- 
crete surface is believed to give a very reliable indication of the quality 
of the steam-cured concrete and of the suitability of the steaming 
treatment used. 


(7) The results with large specimens confirm those obtained with 
small specimens with respect to the advantage of using fine silica in 
rich, steam-cured concrete in optimum percentages of 30 to 40 per 
cent, regardless of the type of aggregate used. 


“ 


(8) Steam-cured concrete made with dense, natural aggregate and 
the optimum percentage of silica showed transverse and compressive 
strengths from 5 to 30 per cent lower than corresponding concretes 
made without silica but moist cured 28 days and tested at the age of 
10 months. Corresponding tests with Haydite concrete showed sub- 
stantially higher transverse strength for the steam-cured material but 
about the same compressive strength as for moist-cured concrete. 


Although steam-cured concrete made with the denser, natural 
aggregates had somewhat lower strength it appeared markedly superior 
with regard to freedom from surface checking and cracking to moist- 
cured concrete. 


(9) Tests conducted at the age of 10 months and 1 year indicate 
quite definitely that the high early flexural and compressive strength 
developed by proper steam curing is permanent. 

(10) A feature of the tests was the low bond resistance in steam- 
cured concrete with both plain and deformed bars. The bond stress 
at an end slip of bar of .0005 in. was only 30 to 50 per cent of that 
developed in comparable moist-cured concrete. In steam-curing re- 
inforced products special consideration must therefore be given to the 
low bond strengths developed. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” Journau for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 


Factors oF WorKABILITY OF PoRTLAND CEMENT 
CONCRETE* 


BY W. H. HERSCHELT 


MEMBER AMERICAN CONCRETE INSTITUTE 


AND E. A. PISAPIAT 


l. INTRODUCTION 


THIS paper presents some results obtained by several test methods 
which were designed to measure the “workability” of concrete. They 
were developed after attempts had been made to use the most promis- 
ing test methods presented or suggested in the many papers on this 
and related subjects. The methods described in this paper are not 
given as fulfilling all requisites of the needed test procedure or as 
yielding numerical values indicative of workability, but are presented 
to show how the subject is being studied, and some of the factors 
which seem to be components of this property. It is hoped that this 
presentation will be of interest and be productive of comments which 
will assist in the work. 

According to Pearson(!) workability depends on several factors and 
even the commonly used slump and flow tests, ‘furnish an indication 
of only one of the factors of workability (mobility or wetness) * * * ” 
Others have assumed that a single test method could be found, al- 
though no single test procedure for the measurement or workability 
of concrete has been proven entirely satisfactory or been universally 
accepted. Even though the workability of a concrete may eventually 
be expressed by a single numerical value, it is desirable to measure 
each independent factor that affects it. All tests that have been 
proposed for measuring workability were considered from the stand- 
point of their ability to measure the separate factors composing this 
complex quantity but none appeared satisfactory from this aspect. 

Any concrete of whatever richness or leanness, or howsoever pro- 
portioned, may have its water content adjusted to give any desired 
flow within reasonable limits, yet concretes at any one arbitrarily 


“3 d at the 32nd Annual Convention, American Concrete Institute, Chicago, Feb. 25-27, 
1936: : “Peiblication Approved by the Director of the National Bureau of Standards of the U. S. Depart- 
ment of Commerce. ; 

+National Bureau of Standards, Washington, D. C. 

(1) References will be found at the end of the paper. 
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selected flow obviously differ in workability characteristics. A rich 
(1:1:2) concrete possesses a fatness, apparent even to the novice, to a 
degree that is lacking in a 1:2 14:5 concrete. Another characteristic 
is “stickiness” of concrete, a factor of workability suggested by Bates 
and Dwyer(?). New Tests are therefore needed to show these different 
characteristics. Preliminary experimental work in this investigation 
indicated that harshness, segregation, shear resistance and stickiness 
are factors of workability of concrete, and tests intended to measure 
these factors were developed. 
2. MATERIALS 


Potomac River sand and gravel were used as aggregate throughout 
the studies. A typical grading of the sand was as follows: 


Sieve No. Percentage Retained 

4 . 2.6 

8 15.9 

16 30.4 

30 Hime 

50 85.5 

100 98.0 

F. M. (Fineness modulus) 2.84 


The gravel was separated into four sizes; No. 4 to 3% in., % in. to 
34 in., 34 in. to 1 in. and 1 in. to 14 in., and recombined into several 
gradings. 

Several brands of cement, with apparently diverse plastic properties, 
and specific surfaces varying from 1440 to 2100 sq. cm. per gram, were 
included. Diatomaceous silica was used in some of the tests as an 
admixture. 

3. TEST METHODS 
a. Harshness 

A simple illustration of a difference in concretes having the same 
flow* is the rapidity with which they spread or flow on the flow table 
during the course of 15 drops of the table. The “plasticity coefficient,” 
(ratio of slump to flow) was suggested by Pearson and also Bur- 
mister(*) as a measure of harshness in concrete, but this coefficient 
was not adopted because the slump test values have such poor re- 
producibility. The “spread” after two drops of the flow table, how- 
ever, does give a distinct measure of this difference between mixes 
having the same flow, particularly when the wetter mixes are used. 

Fig. 1 presents the spread after two drops, plotted against the flow, 
of two mixes in which the cement-water ratio by weight (c/w) varies 


_ *As the flow test is made at the National Bureau of Standards, the concrete is stirred (not rodded) 

into a flow cone having a lower diameter of 10 in., upper diameter of 634 in., and height of 5in. After 

the mold has been removed, the table is raised and dropped 15-times in 10 seconds, by means of a cam 

through a distance of % in. The percentage increase in diameter of the concrete is the ‘‘flow.”” There- 

Ee Reve otherwise noted, flow will be considered as measured after the table has been dropped 
mes. 
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Fig. 1—RELATION BETWEEN SPREAD AFTER 2 DROPS, AND FLOW. “A” 


665)? 


INDICATES THE HARSHNESS OF THE 1:3:3 MIX AND “8B” INDICATES 
THE HARSHNESS OF THE 1:1 2/5:43/5 mix 


over a wide range. Fig. 2 shows the spread plotted against the number 
of drops, again using concretes of varying e/w and flow characteristics. 
It may be seen that in the three comparatively dry concretes, with a 
flow of 50 to 60, the spreads after two drops were not appreciably 
different, whereas for concretes having a flow of about 100 the spreads 
after two drops varied from 25 to over 60. 

The spread after two drops, obtained by interpolation from a graph 
similar to Fig. 1 for a concrete having a flow of 85, was adopted as a 
measure of harshness. A flow of 85 was selected because a concrete 
with higher flow might develop a “water ring” on the flow table, while 
the test would not be sufficiently sensitive with drier mixes. 


b. Segregation 

Ideal concrete during flow in a chute or into place in the form will 
be of the same proportions throughout as the original mix after it has 
reached its final location. Departure from the original proportions, 
(i. e., segregation) is undesirable. Pearson and Hitchcock(‘) state 
that “workability is the inverse of the degree of effort required in 
handling and placing concrete in such a manner as to give a uniform 
and homogeneous finished product * * * ”  Pearson(!) also 
states that a test for segregation should supplement the flow test. 
Accordingly, segregation is a factor in the workability of concrete. 
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Fig. 2--VARIATION OF SPREAD WITH NUMBER OF DROPS, USING FOUR 
MIXES AND TWO DIFFERENT C/W RATIOS FOR EACH MIX 


Since we cannot hope to eliminate the undesirable property of segrega- 
tion, but only to hold it at a minimum, a measure of segregation is 
necessary. 


The test procedure which is being used in this work is as follows: 


A standard No. 4 sieve, 2 in. high, with 7 in. diameter of sieve ex- 
posed and with attached bottom pan, is filled with one-fourth of a 
batch of concrete, placed (but no fastened) on the flow table and the 
table dropped 1% in. thirty times. After the entire batch has been 
treated in this manner, the accumulated material in the pan is weighed 
and recorded. The measure of segregation is taken as the ratio of the 
weight of the mortar* in the pan to the total mortar in the batch, 
expressed in per cent of the latter. 


c. Shear Resistance 


In devising a test for shear resistance, the possibility of segregation 


during the test should be reduced to a minimum. Yoshida(°*) expresses 
*The total weights of sand) cement and water, the latter corrected for an absorption of 1 per cent 


of the weight of the coarse aggregate, are taken as the mortar in the batch. 
An absorption correction for the total aggregate was applied throughout in calculating c/w. 
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Fic. 3—APPARATUS FOR MEASURING RESISTANCE TO SHEAR, 
SHOWN SCHEMATICALLY 


this in stating that the flow table measurement is open to the criticism 
that “it is concerned with determining the workability of concrete in 
a segregated condition,” and adds that “‘with the flow table reliable 
results may be obtained only with the concrete in which practically 
no segregation occurs during the process of the test.”’ 


In the present investigation a device (Fig. 3) for measuring shear 
resistance (with a minimum of segregation) has been evolved from the 
device of Terzaghi(*), developed and used by him for the study of 
shear resistance of soils. The apparatus used consists essentially of 
two rectangular frames, each 31% in. deep by 4 in. by 12 in., the upper 
frame being supported on ball bearings attached to the lower frame 
and in such a way that there is a clearance of 33; in. between the two 
frames. Both frames are arranged so they can be swung simultaneously 
clear of the bed plate, for dumping. 


By means of the crank, shown at the right of Fig. 3, a force (in- 
dicated on a spring balance with a capacity of 200 lb.) is applied to the 
upper frame, causing the material under test to be sheared on a 
horizontal plane. Since the material is compressed during the test 
by this horizontal movement, and the upper frame moves several 
inches before the maximum pull is reached, it is necessary to attach 
a platform to the end of the lower frame to prevent the upper frame 
from being emptied prematurely. Means must be provided also, for 
preventing lifting of the upper frame, or of both frames, when the 
horizontal pull is applied to the upper frame. 


In using this instrument, weights producing pressures up to some- 
what over one pound per square inch, including that due to the weight 
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of the test material in the upper frame, were applied as shown in Fig. 3. 
It was found in preliminary tests that values of the shear resistance 
calculated from tests on loosely packed material did not differentiate 
sufficiently between different mixes. The tests were accordingly made 
on rodded concretes and on rodded oven-dried aggregate. 

Tests made in this manner are sensitive to change in mix but not 
sensitive to small differences in the amount of mixing water. 


d. Stickiness 

In the test developed stickiness was:measured by the adhesion of 
the concrete to a plane metal plate. The device is shown schematically 
in Fig. 4. A steel plate, 11 in. square, is placed on a horizontal surface, 
a frame 134 in. deep placed over it, and the frame filled with concrete 


DIRECTION 
OF FORCE 


SPRING 
BALANCE 


Fig. 4—ScHEMATIC DRAWING OF ADHESION APPARATUS 


which is then rodded 75 times uniformly over the area. The plate, 
frame and concrete are then turned over so that the plate is again 
horizontal, but now on top of the test concrete. Force is now applied 
steadily to the center of the plate with increasing magnitude until the 
plate loosens, and the maximum force applied, which occurs just as 
the plate loosens, is recorded in pounds per square inch of plate area. 
Although the plate loosens instantly, concordance of readings is not 
entirely satisfactory. 


4, DISCUSSION OF TEST RESULTS 
a. Harshness 


A study of concretes with a constant ratio of cement to aggregate 
(Table 1) shows that the harshness (17) increases from 16 in the over- 
sanded 1:3:3 mix (No. 1) to 52 in the under-sanded 1:1144:44% mix 
(No. 4). 

The b-b, ratio defined by Talbot and Richart(’) is a more satisfactory 

7University of Illinois Bulletin 137. October, 1923. 


b is the absolute volume of the coarse aggregate in a unit volume of concrete. 
bo is the absolute volume of the coarse aggregate in a unit volume of that aggregate (rodded). 
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HARSHNESS 


Fig. 5—RELATION BETWEEN HARSHNESS AND B/B°, NUMBERS 
ACCOMPANYING POINTS INDICATE MIXES IN TABLE 1 


value than the sand-gravel ratio for expressing harshness. This ratio 
has been computed for the mixes given in Table 1 and harshness plotted 
against it in Fig. 5. There is a distinct trend toward a linear relation 
between these qualities. Talbot and Richart have stated that the 
b-b, ratio is related to the harshness of the mix. The H value gives a 
definite numerical value of harshness whereas Talbot and Richart 
estimated harshness by observation. 


TABLE 1—HARSHNESS AND SHEAR OF CONCRETES WITH DIFFERENT 
SAND-GRAVEL RATIOS 


Fineness Resistance 
Maximum : Modulus to Shear (C) 
Mix Size of Mix by Weight Including b/bo* Harshnesst at Flow 
No. Aggregate Cement A of 50f, 
Inches F. M. Ib/sa. in. 
1 34 1:3:3 09 54 16 1.14 
2 34 1:214:3%4 4.36 64 23 1.32 
3 54 1:2:4 4.64 174 36 1.93 
4 34 1:14:4% 4.91 84 52 2.06 
5 84 1:214:42/5 4.60 74 37 200 
6 i: 1:2:4 5.38 Sth 40 2.31 
7 1% 1:2:4 5.38 .79 45 3.52 
8 1% 1:1 2/5:43/5 5.47 184 54 2°99 
9 1% 1:1 1/10:49/10 5.69 . 86 54 2.83 
10 1% 1:17/10:6 2/5 5.75 ool 59 3.24 


*See footnote 7. 
+Cement A. 
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Fic. 6—VARIATION IN SEGREGATION WITH VARIATION IN C/W AND 
WITH GRADING OF AGGREGATE. NUMBERS IN PARENTHESIS REFER 
TO THE MIXES IN TABLE 1 


Since harshness is determined at only one arbitrarily chosen flow, 
namely 85, this test cannot be used to measure the effect of different 
water contents for the same mix. 

b. Segregation 


Segregation data, as measured by mortar loss, are plotted in Fig. 
6 for a group of concretes with the same cement content. It is apparent 
that there are great differences in the amounts of segregation between 
the extremes of the over-sanded mix 1:3:3 and the under-sanded mix 
1:1 1/10:4 9/10, and also for concretes with the same flow. Differences 
are accentuated by increasing the flows of coneretes from 50 to 100; 
that is, increase in water necessary to increase flow from 50 to 100 
will cause a much larger increase in segregation in under-sanded than 
in over-sanded concrete. 


Since segregation increases with water content and decreases with 
sand and cement content, the segregation is plotted against ratio of 
water to cement plus sand in Fig. 7. Values shown in the curve are 
taken from Tables 2*and 3. It appears that segregation is a function 
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Fig. 7—VARIATION IN AGGREGATION WITH VARIATION IN RATIO OF 
WATER TO SAND PLUS CEMENT FOR MIXES OF TWO DIFFERENT FLOW 
VALUES 


of this ratio even though the mixes varied in brand of cement, and in 
water, cement and sand content. 

Although an increase in segregation with increase in harshness was 
noted there was not sufficient correlation between these quantities to 
forecast satisfactorily the segregation from the harshness. 

c. Shear Resistance 

Shear tests were made at four pressures varying from that due to 
the weight of the material above the plane of shear, up to a maximum 
of slightly over 1 lb. per sq. in. It was found that for any given mix, 
and for a given flow, the relation between pressure and shear resistance 
was in agreement with Hatch’s(*) equation written in the form 
S = CL”, as shown by the typical data in Fig. 8. In this equation S is 
the shearing stress expressed in lb. per sq. in., L is the pressure normal 
to the plane of shear in lb. per sq. in., and C and m are constants and 
therefore when L = 1 the constant C equals the shearing stress. In 
making a test the force increased with the travel of the upper frame 
to a maximum, then suddenly decreased. The maximum shear values 
were recorded, and the value for unit pressure L = 1; obtained by 
interpolation and expressed as C, is reported in this paper as the 
measure of shear resistance. 
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Fic. 8—-DIAGRAM SHOWING APPLICATION OF HATCH’S EQUATION 
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In Fig. 9 values of C obtained on concrete mixes given in Table 1 
are plotted against the fineness modulus. In Fig. 10 values of C ob- 
tained with the dry rodded aggregates used in mixes plotted in Fig. 9 
are plotted against the fineness modulus of the aggregate alone and, 
in addition, values are plotted for five aggregates in each of which the 
particles are approximately all of one size. 


Since all intermediate screen sizes of the U. 8. Standard Sieve Series 
are not used in determining fineness modulus, aggregates or concretes 
of the same modulus might be essentially different in grading and 
would therefore show a different shear resistance. Thus, of the con- 
eretes for which values are shown in Fig. 9, all but Mix 6 and Mix 7 are 
fairly in accord with the representative line. The shear resistance of 
6, (a gap graded mix, with gravel all 34 to 1 in.) is low, while the re- 
sistance of 7 (also a gap graded mix, with gravel all 1 to 1% in.) is too 
high. If a larger number of sieves were used in determining fineness 
modulus the value for Mix 6 would be raised and that for Mix 7 
lowered. 


As it may be expected that the relations in Fig. 9 and 10 would be 
modified also if more angular aggregates, or other cements, or a 
different degree of compacting were used(°), it would seem that C is a 
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Fic. 9—VARIATION IN C (SHEAR RESISTANCE) WITH VARIATION 
IN FINENESS MODULUS OF CONCRETE 


better indication of the effects of grading than is the fineness modulus, 
(as calculated from the usual number of sieves) and further should 
indicate the effect of angularity of the particles of aggregate. 

Fig. 11 shows a distinct linear relation between the harshness and 
shear of the mixes in Table 1. Mixes 7 and 4, which have very unusual 
grading, are exceptions. It seems, therefore, that the shear test may 
be substituted for the harshness test (except for patently abnormal 
mixes) and, since it can be applied over wide ranges of water content, 
is to be preferred to the harshness test. 

It is desired to build ultimately a considerably larger container to 
enable the testing of concrete with larger aggregate and also to obtain 
more uniform results. 

d. Stickiness 

Tables 2 and 3 give the results of adhesion tests of concretes of 
varying richness. 

Since the stickiness of concrete is due solely to the cement paste, it 
may be expected that adhesion would increase with cement content, 
and a tendency in this direction is indicated by the limited data of 
Table 2. Shear resistance, however, decreases with increase in cement 
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content. Hence in cases where both adhesion and shear resistance are 
effective, the total resistance might decrease or increase with the 
cement content, depending on whether adhesion or shear resistance 
predominated. Purrington and Loring(?®) in tests of the power re- 
quired to operate a concrete mixer, observed a decrease over a certain 
range of cement content, and an increase with still richer mixes. 


Fig. 12 shows the relation between c/w and adhesion, for a 1:2144:344 
and 1:2:4 mix (No. 2 and 3, Table 1). Points for both mixes lie 
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TABLE 2—ADHESION AND OTHER TESTS FOR CONCRETES MADE WITH CEMENT J 


Segregation 
| : Adhesion (Mortar Resistance] Fineness 
Mix Mix by C/W for for Flow Loss) for to Shear | Modulus | Harshness 
No. Weight Flow of of 50 Flow of (C) at Including H 
———_| ———} lb/sq. in. |—_———— Flow of 50} Cement 
50 100 50 100 lb /sq. in. . M. 
% % 
11 1:144:2 2.50) | 2.17 18 13 25 0.51 3.93 30 
12 1:2:2 2/3 Ze lGe | adi O2, oy 13 20 0.71 4.15 29 
13 1:3:4 1.54 | 1.41 14 12 17 1.29 4.42 25 
14 1:24%:5 TGP; 74) 15 17 28 1.57 4.79 Al 
15 1:114:334 2.20 | 1.94 -15 31 56 1.78 4.79 48 


approximately on the same curve, and therefore adhesion of the two 
mixes would be alike for equal c/w values. Flows of the mixes also 
given in the figure are, however, markedly different at equal c/w 
values. Adhesion was practically constant for c/w values of Mix 3 
below 1.65 but an increase in c/w values beyond that point markedly 
increased the adhesion of both mixes. It is interesting to note that 
the adhesion of the slightly over-sanded mix (1:24:31) is less than 
that of the slightly under-sanded mix (1:2:4) for all points but one 
(flow 50), and that the adhesion is lower than that of the under- 
sanded mix when both have the same flow, irrespective of water 
content. 
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Fig. 11—RELATION BETWEEN SHEAR RESISTANCE AND HARSHNESS. 
NUMBERS ACCOMPANYING PLOTS INDICATE MIXES IN TABLE Il 
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Fig. 12--RELATION BETWEEN ADHESION AND C/W 


5. APPLICATION OF THE TESTS TO CONCRETES MADE FROM 
DIFFERENT CEMENTITIOUS MATERIALS 


Table 3 contains certain data obtained in applying the suggested 
methods for harshness, segregation, shear resistance, and stickiness 
to 16 concretes in which 3 different cements and one cement with an 
admixture of diatomaceous silica were used. The concretes differed 
also from one another in that the sand of the 1:3:3 mixes (a) was re- 
duced by one-half part in each succeeding mix, while the large ag- 
gregate was increased by a like amount. One of the outstanding 
differences in the cements was the fineness to which they were ground. 
The fineness is given in the table as specific surface in sq. cm. per gram. 


Harshness was highest for high early strength cement H, which has 
the greatest specific surface. Variation in harshness of mixes contain- 
ing this cement, from over-sanded mix a to under-sanded mix d was, 
however, only from 36 to 53, whereas variation in harshness in the 
same mixes containing Cement J, with specific surface of 1700 sq. cm. 
per gram, was from 22 to 51. Harshness based on the average of the 
4 mixes of each cement is in inverse order for the 3 cements, H, I and 
E (specific surfaces of 2100, 1700 and 1440, respectively) while the 
difference between cements J and E is very slight. Although the 
average harshness of the four concretes with diatomaceous silica ad- 
mixture was lowest of all, it differed but little from the average results 
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TABLE 3—COMPARISON OF 4 CONCRETES AND 4 CEMENTITIOUS MATERIALS 


( vies pee J 
: ortar Loss Resistance to Adhesi 
Mix Harshness for Flow of Shear (C) at Poa pica C/W for 
No. (4) == -————] Flow of 50 1 | 2 Flow of 
50 100 lb/sq. in. 
: % % Ib/sa. in. 50 100 
CEMENT 4, Specific Surface, 2100 em?2/g 
l6a 36 14 16 0.62 Ap Gs) 12 1.48 1.35 
16b 38 17 21 0.80 19 15 1.63 1.46 
l6c 43 29 31 1.06 o22 16 1.68 1.54 
16d 53 42 46 2.09 pal 13 iN SHWe 1.52 
CEMENT T, Specific Surface, 1700 cm?/g 
17a 22 8 13 1.00 .13 12 1.69 1.52 
17b 24 14 19 1.18 15 16 1.82 1.66 
17¢ 40 14 25 1.46 15 16 2.02 Hage 
17d 51 12 35 2.66 .13 14 2.37 1.89 
CEMENT E, Specific Surface, 1440 cm?/g 
18a 23 9 12 1.06 Pp Ws) © 14 1.66 1.50 
18b 30 13 15 a leet .16 .16 1.75 1.62 
18¢ 35 19 29 1.29 18 13 1.82 1.64 
18d 45 19 50 2.29 .16 13 2.16 1.68 
CEMENT E, With 10% Diatomaceous Silica 
19a 31 7 18 0.85 naly/ 18 1.36 1.13 
19b 28 12 23 0.74 17 ead. 1.35 1.18 
19¢ 33 18 28 0.88 19 18 1.36 1.21 
19d 35 24 38 1.50 16 15 1.27 1.20 
*Mix a = 1:3:3 
= 1:2: , 
ee 1:2%4 34 By weight 
a Sera 7s ee en en 
tColumn 1 gives values obtained immediately after mixing; Column 2 gives values obtained after 
remixing. 


obtained with J and E. This test did not give significantly different 
values for the effect of an increased fineness of the cement, which 
usually increases the ‘‘fatness.’”’ Hence the data indicate that the 
harshness test could not be used for differentiation of the fineness. 

It is evident, however, that harshness is greatly increased as the 
mixes change from those rich in sand to those lean in sand, except for 
cement E containing diatomaceous silica. In this case there was no 
practical difference between the under-sanded and over-sanded mix; 
that is the admixture had reduced the harshness of the under-sanded 
mix to that of the over-sanded one. 

While the percentage mortar loss for the finest cement H was 
decidedly greater when the flow was 50 than for the other cements, 
the differences were hardly significant when the flow was 100. Con- 
cretes made with each cement show an increase in mortar loss with 
increase in coarse aggregate, when the same flow was maintained. This 
increase was more pronounced at 100 flow than at 50 flow. 

Shear resistance, as;may be seen from Table 3, was increased by the 
use of the cement of intermediate fineness as compared with the use 
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of the cement having the greatest fineness, while little difference was 
noted when compared with the coarsest cement. However, shear 
resistance is sensitive to variations from under- to over-sanding in 
aggregate grading. The effect of the use of diatomaceous silica is 
clearly shown by the shear resistance, as may be seen by comparing 
mixes 18 and 19. It is interesting also to note that the admixture was 
less effective in the over-sanded than in the under-sanded mixes. The 
admixture decreased shear resistance of the over-sanded mix from 1.06 
to 0.85, a reduction of 20 per cent, whereas the decrease in shear re- 
sistance of the under-sanded mix was from 2.29 to 1.50, or 35 per cent. 


Adhesion results did not distinguish between cements except for the 
marked difference in adhesion of concretes made with cements Hand 
E, respectively, before and after remixing. Also, values for this factor 
are higher generally when an admixture is used. With the other 
cements, there seemed to be a similarity in adhesion results between 
over- and under-sanded mixes on the one hand and the two inter- 
mediate mixes on the other but, on the whole, the adhesion test does 
not seem to bring out any significant trend. 


6. SUMMARY AND CONCLUSION 


1. Four tests were designed to evaluate certain factors of work- 
ability which are at least partially independent of one another. 


a. Harshness 


That relative property of concretes which may be illustrated by the 
smoothness of an over-sanded, compared with the roughness of an 
under-sanded, mix. 


The harshness test is made by measuring the spread of concretes 
after 2 drops of the flow table, using mixes having a spread of 85 at 
15 drops. 


b. Segregation 


The partial or complete separation of one class of materials from a 
uniform mixture of several materials. 


The segregation test is made by measuring the amount of mortar 
separated from concrete by jolting on the flow table. 


c. Shear Resistance 


The placing of concrete is characterized by the relative movement 
of innumerable continuous layers of concrete. A fundamental element 
of this movement is the resistance to shear of a single layer of concrete 
to an adjacent layer of concrete. 
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The test for shear resistance is made by measuring the force required 
to cause shear on a horizontal plane within the concrete, under a 
normal pressure of one p. s. i. 


d. Stickiness 


Stickiness is closely related to the adhesion or bond which keeps the 
concrete as a single mass, in which the individual particles cling to- 
gether; such a material is distinguished from a pile of dry sand in which 
the individual particles are kept from moving only by surface friction 
of the particles. 


The stickiness test is made by measuring the vertical force required 
to separate a horizontal steel plate from the surface of a freshly made 
concrete. 


2. Values obtained by the harshness test bear a straight line re- 
lation to the b/b, ratio proposed by Talbot and Richart. Since the 
harshness test involves the use of the flow table it has the inherent 
limitations of the flow table. 


3. Potential segregation, as measured by the mortar loss, was found 
to increase with the flow and with the harshness of the mix. Segrega- 
tion tests for concretes of equal flow did not measure the effects of 
addition of admixture or of increased richness in cement. 


4. Shear resistance was found, in general, to increase as the fineness 
modulus of the. concrete or of the aggregate increased, but appears to 
vary also with the grading of aggregates having the same fineness 
modulus. While it is considered that the test for shear resistance 
measures essentially the same factor as is measured by the simpler 
harshness test, the former is to be preferred because it is applicable 
to any workable concrete. 


5. Adhesion was increased slightly by increase in cement content 
but, for any one mix, decreased with increase in water content. 


6. The total number of factors of workability is uncertain, but 
segregation, stickiness and shear resistance are important. 


REFERENCES 


(1) J. C. Pearson, “Report on Significance of Tests of Concrete and Concrete 
Aggregates,” A. 8. T. M., 1935, p. 38. 

(2) P. H. Bates and J. R. Dwyer, Proceedings, Am. Concrete Inst., Vol. 24, 1928, 
p. 43. 

(3) D. A. Burmister, Proceedings, Am. Concrete Inst., Vol. 21, 1931, p. 1153. 


658 JOURNAL OF THE AMERICAN CONCRETE InstituTE—Proceedings 


(4) J. C. Pearson and F. A. Hitchcock, Proceedings, A. S. T. M., Vol. 23, II, 1923, 
p. 289. 


(5) Tokujiro Yoshida, Proceedings, Am. Concrete Inst., Vol. 23, 1927, p. 415. 

(6) Engineering, Vol. 129, 1980, p. 753. 

(7) A. N. Talbot and F. E. Richart, Univ. of Ill. Eng. Exp. Sta. Bull. 137, Oct. 1923. 
(8) H. H. Hatch, Proceedings, A. S. C. E., Vol. 58, 1932, p. 1301. 

(9) D.S. Berry, Proceedings, A. S. T.-M., Vol. 35, 11, 19385, p: 491° 


(10) W. F. Purrington and H. C. Loring, Proceedings, A. S. T. M., Vol. 30, IJ, 1930, 
p. 654. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” JOURNAL for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 


. 


SounD ABSORBING VALUE oF PorTLAND CEMENT 


CONCRETE* 
BY F. R. WATSON AND KERON C. MORRICALT 


ABSTRACT 


THE increasing amount of noise in modern life and the recent move- 
ments to minimize unnecessary noise show the trend of public opinion 
against this nuisance. Also, there is a popular objection to noise in 
buildings, so that the control of sound is regarded as a necessity to 
promote the efficiency and comfort of the occupants. Various types of 
concrete masonry units and acoustical tile have been used for sound 
absorbing purposes and the Portland Cement Association was led to 
consider the possibilities of further extending such use and of in- 
vestigating the sound absorbing values of concretes of different com- 
position and physical properties. 

The results show that porous materials absorb sound, but dense 
materials with small porosity are not efficient in absorbing sound. 
Haydite and cinder concrete constructions possess effective sound- 
absorbing values; sand and gravel and limestone concretes were not 
so good, but most of the specimens are more sound absorbent than the 
usual hard plasters and cements so that these products can be used 
advantageously in buildings to reduce noise. 

NOISE AND ITS EVIL EFFECTS 


If all automobile horns were to be abolished, what would result? 
There might be some difference of opinion about the increased safety 
for drivers and pedestrians, but there would be no question about the 
reduction of noise. Furthermore, would you want to drive your auto- 
mobile down the street on the rims of the wheels, without tires? 
Certainly not, it would make a terrible racket, and it would be bad 
for the auto. But the street cars do this all the time. These noises 
and others have driven the public to set up organizations in a number 
of cities to reduce the evil. A similar popular objection is urged against 


*Preliminary presentation at 32nd Annual Convention, American Concrete Institute, Chicago, 
Feb. 05.27 1936, Final manuscript with additional data received by Institute Secretary, April 29, 


Ai peat Professor of Experimental Physics and Research Assistant, University of Illinois, 
Urbana. 
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| NOISE IN BUILDINGS 
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COUNTY COURT, CHICAGO, ROOM EMPTY, 
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QUIETEST RESIOENCE MEASUREO 


QUIET GARDEN, LONDON 


SOURCES: 4, H. FLETCHER, “SPEECH AND HEARING, P.187 MARGINAL AUOIBILITY METHOD WITH 34 

a © AUDIOMETER' AND OFFSET RECEIVER. 17 DB ADDED AS APPROAIMATE FIGURE TO CONVERT 
TO NOISE LEVEL 

2. 0.A. LAIRD, SCIENTIFIC AMERICAN, DEC. 1928, 2 S08 BALANCE METHOD WITH 34 
AUDIOMETER AND RECEIVER WITH FLAT CAP APPROXIMATELY EQUAL TO NOISE LEVEL 


3 W. WATERFALL, ENGINEERING NEWS RECORD, JAN 10, 1927, PCO SAME METHOD 
AS (2) ABOVE. 


4. A.M. DAVIS, NATURE, JAN. 11, 1930,P 48 BALANCE OR MARGINAL AUDIBILITY 
METHOD WITH 640-CYCLE TUNING-FORK FICURES GIVEN IN TERMS OF 
SENSATION LEVEL, ESTIMATEO EQUAL TO NOISE LEVEL 


Fig. 1—NoISE LEVEL IN BUILDINGS, EXPRESSED IN DECIBELS 
(Tucker, Journal of the Acoustical Society, Vol. 2, p. 63, July, 1930) 


noise in buildings where typewriters, calculating machines, motors 
and radios affect the efficiency and comfort of the occupants. Fig. 1 
gives a table of the values of noises in buildings. 


REDUCTION OF NOISE 


One method of reducing noise is to use quieter machines, such as 
the noiseless typewriter, but more improvement in this regard is 
needed. Another method of reducing noise is to install materials that 
absorb sound. Occupants in quiet rooms are less nervous and make 
fewer mistakes than when they are in noisy rooms. A practical ques- 
tion arises concerning the type of materials efficient in absorbing sound, 
and this investigation, therefore, included a wide range of concretes, 
varying from dense, heavy mixes using sand and gravel and limestone 
aggregates to light, porous ones having varying proportions of cement 
and light weight aggregates, such as cinders and haydite. 
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EXPERIMENTAL METHODS 


Two methods were used to determine the absorbing value of the 
different concrete compositions. One method used.the Sabine rever- 
beration method in which the time is measured that elapses when 
various standard sounds die out in a specially prepared room, both 
with and without the sound absorbing samples. Calculations based 
on these periods of decay give coefficients of absorption that can be 
used to determine the area of sound absorbent surfaces made up of these 
materials that will be needed in any room to control the sound. The 
time of decay is measured instrumentally using electrical apparatus 
to generate and to measure sound. The time of decay is determined 
also with the ear, using a stop watch, thus giving an acceptable com- 
parison with the instrumental results. The latter method was used 
most extensively in this investigation. 

A second method for determining absorbing coefficients requires 
only a small sample of material, one square foot in area. Sound from 
an electric loud speaker passes along a tube eight inches in diameter 
and strikes the absorbing sample, which is mounted at an angle of 45 
degrees to the axis of the tube, from which the sound is reflected into 
a side tube for measurement. Non-absorbers, such as thick glass, will 
reflect practically 100 per cent of the sound down the side tube, while 
absorbing materials will reflect amounts of sound that depend on their 
sound-absorbing efficiencies. This method has the advantage that it 
gives comparative values of small samples in the development of new 
materials. 

POROSITY AN ESSENTIAL QUALITY OF SOUND ABSORBING MATERIAL 

The results obtained (shown in Tables 1 and 2), indicate that 
porosity is the chief property of materials needed for sound absorption, 
The air sticks to the surface of solids and reduces the back and forth 
motion of air necessary for the propagation of sound waves. As a 
result, a frictional action is set up that converts the sound energy into 
heat. The popular idea that stretched wires or sounding boards reduce 
sound is fallacious; the wires absorb only a minute fraction of the 
sound, and the sounding boards simply reflect the waves to make a 
different arrangement of the sound pattern in the room. Sound energy 
can be absorbed only by changing it into heat. A porous material is 
especially efficient in absorbing sound, because the back and forth 
“pumping” action of the air in the minute pores by the sound waves is 
strongly resisted by the friction. The heating effect (absorption) de- 
pends on the frequency of the sound compared with the diameter and 
length of the pores. In any case the pores should be small, of the order 
of a hundredth of an inch, or less, in diameter. Intercommunicating, 
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__ 


Fig. 2—REVERBERATION ROOM USED FOR MEASURING SOUND AB- 
SORPTION. THE SAMPLE SHOWN ON THE FLOOR IS MADE UP OF STAND- 
ARD 4 x 8 x 16 IN., 3-cORE SAND AND GRAVEL CONCRETE PARTITION 
UNITS 
Fig. 3—INSTRUMENT ROOM SHOWING THE ELECTRICAL APPARATUS 
USED TO GENERATE AND MEASURE SOUND 


channels of larger diameter are helpful in allowing free passage of the 
sound waves into the interior of the material where absorption takes 
place in the many small pores. It should be remarked that the heating 
effect due to sound is extremely small. For example, calculations 
show that a rug, one-fourth inch thick, exposed for 30 minutes to the 
sound of a vigorous speaker will be raised in temperature only .03° C. 
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Fig. 4—DIAGRAM OF “TUBE” APPARATUS USED FOR MEASURING 
SOUND ABSORBING VALUES OF SMALL SAMPLES 


This means that the energy of sound is extremely small; a cricket can 
fill a large church with sound. 
EXPERIMENTAL DATA 
The advantage of porosity in materials in absorbing sound is shown 
by the portland cement specimens under investigation. Fig. 5 re- 
produces photographs of a porous haydite concrete, with a com- 
paratively high sound absorptivity, and of a limestone concrete with 
little porosity, and low absorptivity. Tables 1 and 2 give numerical 
data for the sound absorptivity, and Table3 details of aggregates, 
mixes and the physical properties of concrete for the specimens tested. 
EFFECT OF PAINTING 


The effect of paint applied to absorbing materials is readily under- 
stood by considering the porosity of the specimen. If the pores are 
closed by the paint, the absorbing value is taken away. Spray painting 
has less effect in closing the pores of materials than brush painting. 
Oil paints reduce sound absorptivity more than water paint. The 
effect of spray painting with cement and water paint is shown in Table 
1, where the average absorptivity was reduced 10 per cent or more. 

CONCLUSIONS 


The absorption of sound in a room takes place almost entirely at 
the surfaces where the sound is reflected. The usual interior surfaces— 
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Fic. 5—HAYDITE CONCRETE SPECIMEN WITH A POROUS STRUCTURE AND 

AN EFFICIENT SOUND ABSORPTIVITY AND (BELOW) A LIMESTONE CON- 

CRETE SPECIMEN WITH LITTLE POROSITY AND A CORRESPONDINGLY 
SMALL ABSORPTIVITY 


(Top) Haydite aggregate; fineness modulus, 4.50; mixture (by vol.) 1:9; absorptivity, 0.54 
Limestone aggregate; fineness modulus, 3.50; mixture (by vol.) 1:12; absorptivity, 0.10 


hard plaster, wood and glass—absorb only about 3 per cent (absorbing 
coefficient 0.03) of this incident sound. Any material that absorbs 15 
per cent or more is regarded as useful in buildings. Inspection of the 
absorption coefficients in Tables 1 and 2 show that the haydite and 
cinder concretes have average coefficients approximating 0.50, meaning 
that they absorb 50 per cent of the incident sound at each reflection, 
and that they will be efficient absorbers of sound in rooms. Materials 
with smaller coefficients, but more than 0.15, are also useful; a building 
completely lined with such materials would be noticeably quiet com- 
pared with present modern buildings where the surfaces absorb about 
3 per cent. 
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As an example consider the quieting effect of using a sound absorbing 
tile of coefficient 0.18 for the walls and ceiling of a room instead of the 
inefficient hard plaster of coefficient 0.03. Suppose the room is an 
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Fig. 6—How AN ABSORBING COEFFICIENT IS CALCULATED 


office 15 ft. sq. x 10 ft. high, for which the volume is 2250 cu. ft. and 
that it has a linoleum floor covering. The calculations of the acoustic 
conditions are as follows: 


Hard plaster on walls and ceiling, 825 sq. ft. at 0.03.... 24.75 units of absorption 
Linoleum ontfloor..225 sq. tt. at 0/0356. a.m - 6.75 units of absorption 


31.50 units of absorption 
The time ¢ taken for an average sound to decay in the room is calculated 
from the equation: ¢ = 0.05 x volume + absorption, or, t = 0.05 x 
2250 + 31.50 = 3.57 seconds. 
With the absorbing tile used instead of the hard plaster, the calcula- 


tions become: 
Absorbing tien 62 onsd ena ONS aceem eer eter cr 148.5 units of absorption 
Linoleum, 225) sqetusatsO:O3:n ere iarner ein eels 6.75 units of absorption 


155.25 units of absorption 
t = 0.05 x 2250 + 155.25 = 0.72 seconds. 
These calculations show that the office with hard plaster walls and 
ceiling would have disturbing sounds that would not disappear for 3.57 
seconds, while with the sound absorbing tile, such as the painted sand 
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and gravel tile (S-2-S in Table 1) the sound would die out in 0.72 
seconds, and the room would have the quiet conditions needed to 
allow the occupants to do efficient work. For larger rooms and 
auditoriums, it is necessary to use quieting materials with larger 


coefficients, 


TABLE 1—ABSORPTION COEFFICIENTS USING LARGE AREAS OF MATERIALS IN THE 
REVERBERATION ROOM 
Specimens built of 4” x 8” x 16” concrete partition tile 


Frequency of Sound Average 
Material = j Coefficient 
250 500 1000 2000 | 4000 

CINDER AGGREGATE CONCRETE 
C-1-S (Unpainted) 0.47 0.51 0.61 0.61 0.55 0.55 
C-1-S (Painted) 0.44 0.44 0.52 0.55 0.52 0.49 
C-2-S (Unpainted) 0.58 0.44 0.36 0. 58 0.58 0.51 
C-2-S (Painted) 0.58 0.39 0.33 0.45 0.47 0.44 

SAND AND GRAVEL AGGREGATE CONCRETE 
S-1-S (Unpainted) 0.28 0.35 0.50 0.44 0.36 0.37 
S-1-S (Painted) 0.25 0.29 0.28 0.24 0.27 0.27 
8-2-8 (Unpainted) 0.26 0.35 0.35 0.21 0.16 0.27 
S-2-S (Painted) 0.20 0.23 0.18 0.13 0.16 0.18 
LIMESTONE AGGREGATE CONCRETE 

L-1-8 0.21 0.26 0.21 | 0.19 | 0.20 0.21 
L-2-S 0.23 0.22 0.23 0.23 0.15 0.21 

HAYDITE AGGREGATE CONCRETE 
H-1-S8 0.58 0.56 | 0.33 | 0.51 0.50 0.50 
H-2-S 0.42 0.70 0.33 0.54 | 0.51 0.50 


Fig. 7—TuBE APPARATUS. EXPONENTIAL HORNS WERE USED TO 
ELIMINATE REFLECTION OF SOUND AT THE OPEN ENDS 


The compositions listed in Table 1 consisted of standard 4 x 8 x 16 in., 3-core 
concrete masonry partition units, made in a power tamper, stripper machine in a 
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commercial plant. The tile units were laid with 3¢-in. mortar joints so as to give an 
area of 82.5 sq. ft. The cinder concrete and the sand and gravel concrete tile speci- 
mens were tested first plain, then again after spray painting with a portland cement 
and water paint. Each coefficient recorded is the average of some 150 separate 
measurements of the time of decay of sound, giving a total of approximately 10,000 
measurements for all the coefficients in Table 1. Five standard, pure sounds were 
used of frequencies 250, 500, 1000, 2000 and 4000 cycles per second, thus giving the 
coefficients over a wide range. The average of these five values gives a more suitable 
basis for comparing the different compositions than the values for any one frequency. 
Inspection of the average values shows that painting reduces the absorbing efficiency, 
depending on how much the pores are closed to the sound. The cinder and haydite 
concretes show the greatest sound-absorbing values, while the limestone concretes 
are the least efficient. All the compositions in Table 1 can be used beneficially for 
absorbing sound in buildings. Fig. 6 shows the graphs of data and the calculations 
used in determining an absorption coefficient. 


TABLE 2—ABSORPTIVITIES DETERMINED BY THE TUBE METHOD, 
USING SMALL SPECIMENS 


Absorptivity Absorptivity 
Specimen 1 Coat 2 Coats Specimen , 1 Coat 
Plain Spray Oil Plain ' Spray 
Paint Paint Paint 
Cinders Haydite 
CU 3.50-8 .24 HU 3.50-6 34 
—-6A -33 .30 -9 .18 
-6B 26 .08 -12 2d 
-9A B25) .21 HU 4.00-6 135 
-9B 24 .10 -9 34 
-12A 33 .33 -12 .55 
—12B 25 .18 HU 4.50-6 .ol 
CU 4.00-6A 15 ri if -9 . 54 
—6B .14 .06 -12 moe 
-9A .24 .22 HJ 3.50-6 .68 
—9B .25 .12 -9 15 
-12A .39 34 -12 .79 
-12B 43 .20 HJ 4.00-6 64 
CU 4.50-6A .28 24 -9 .68 
-6B .29 07 -12 mer 
-9A .40 . 36 HJ 4.50-6 .54 
-9B 34 .18 -9 61 
-12A .40 .40 -12 Ay) 
-12B 34 “2D Sand and Gravel 
CJ 3.50-6A .58 .43 SGU 3.50-8 +21 .16 
-6B .59 .18 -12 20 .06 
-9A .63 64 4.00-8 .29 24 
-9B 64 -19 -12 .20 13 
-12A .81 Atha) 4.50-8 102 .18 
-12B .80 wae: -12 12e 15 
CJ 4.00-6A .53 .50 SJ 3.50-8 327 .24 
-6B .42 .12 -12 AL .39 
-9A .64 .62 4.00-8 .19 pale 
-9B Moye) .18 -12 -40 Al 
-12A .68 59 4.50-8 09 .08 
-12B .66 .14 . -12 ae! .19 
50-6A 45 .29 Limestone 
a -6B .49 .19 LU 3.50-8 .10 
-9A AT .43 -12 .10 
-9B 55 28 4.50-8 .10 
-12A .64 .60 -12 AX) 
-12B .65 BA LJ 3.50-8 .58 
2” CU 3.50-9 .40 -12 .60 
-12 .38 4.50-8 x0 
4.50-9 .28 -12 .62 
-12 .33 
Results of Successive Coats of Paint 
Plain i 2 8 : 
CU 4.00-9A .24 oe .19 .09 .10 portland cement spray paint 


CU 4.00-9B +25 -20 mite .08 .05 oil paint 


668 JouRNAL OF THE AMERICAN ConcrETE INsTITUTE—Proceedings 


The specimens listed in Table 2 were all 14 x 14 in. in area, with a thickness of 
either 1 in. or 2 in. These specimens were made of a normal block mix consistency 
concrete tamped in flat molds on a wood pallet. The bottom face was exposed to the 
incident sound, in testing. The 1:12 mix specimens of the ‘‘J’’ group were friable due 
to the lack of fines in the mix. The frequency used was 500 cycles per second, and 
each absorbing value recorded is the average of at least 4 separate determinations, 
each determination involving 6 measurements. The absorbing values give a basis of 
comparison of different specimens. It is to be noted that the specimens made of 
light weight aggregates, such as haydite and cinders, with large porosity, have more 
efficient absorption than the denser limestone concrete specimens with little porosity. 
See Fig. 5. The results of the “J” group suggest the advantage of reducing the 
amount of fines in the aggregate. The sand and gravel concrete specimens were 
fairly good absorbers. In general the lean mix specimens gave higher values than 
those made of richer mixes. The grading of the aggregate appeared to be a factor 
which, however, was not consistent for all types of aggregates. The limestone 
specimens, LU and LJ, exhibit very different absorptivities. This is probably due to 
the different particle size distribution of the aggregate and to differences in the surface 
finish, the LJ specimens having a rough texture so that the pores were exposed, thus 
allowing a considerable absorption of sound, while the surfaces of the LU specimens 
were smoother with the pores closed to the sound. Painting the specimens reduced 
the absorptivity in proportion to the closing of the pores by the paint. Fig. 7 shows 
the tube apparatus. 


This paper ts concluded with Table 3 on the 3 following pages: 
For such discussion of this paper as may develop readers are re- 


ferred to “Supplement,” Journau for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 
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Hicu Earty STRENGTH CEMENTS IN CONCRETE 


Masonry MAnvuFrActTURE* 


Report of Committee 710, Use of High Early Strength Cements 
in Concrete Productst 


BENJAMIN WILK, CHAIRMAN 


INTRODUCTION 


ComMITTEE 710 was organized in 1935 to study the use of high early 
strengths cements in concrete products manufacture—an outgrowth 
of interest in the paper by Benjamin Wilk, at the 1935 Convention.! 

This is a progress report and covers laboratory and plant tests on 
effect of grading of aggregate, kind of aggregate, volume change, and 
resistance to freezing and thawing as influenced by the type of cement. 

The tests were made at the laboratories of the Lehigh Portland 
Cement Co., Allentown, Pa., at Lehigh University, Bethlehem, Pa., 
and at the plant of the Standard Building Products Co., Detroit, 
Mich. 

TESTS AT LEHIGH UNIVERSITY 


Since, in the early tests Wilk found that 70-lb. of high early strength 
cement produced concrete masonry units comparable in strength to 
that of units made with 94-lb. of normal cement, it was decided in this 
investigation to make all tests and comparisons on this basis. To make 
the tests more comprehensive, two normal and two high early strength 
cements were used. 

The concrete mixes were limited to the semi-dry mixes generally 
used in concrete products manufacture. The consistency of the 
concrete was such that under heavy tamping indications of water 
marks would occur on the walls of the units. Three types of aggregates 
were used: sand and gravel, crushed air-cooled slag, and cinders. The 
major part of the tests was carried out on 3 by 6-in. concrete cylinders, 
while for compression and freezing and thawing tests 8 by 8 by 8-in. 


*Presented at the 32nd Annual Convention, American Concrete Institute, Chicago, Feb. 25-27, 1936. 
+Members of Committee 710: Benjamin Wilk, Chairman, J.C. Pearson, Inge Lyse, Austin Crabbs, 


A.G. Timms, P. M. Woodworth | 
‘High Early Strength Cement in Concrete Products Manufacture,’ JouRNAL, Am. Concrete Inst., 


Jan.-Feb., 1935, Proceedings, Vol. 31, p. 241. 
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block were also used for comparison. For the cylinder tests three 
specimens of a kind were used for each age, while for the block the 
number was either two or three. All specimens were cured in the 
moist room for three days and the remaining time in the air of the 
laboratory. 

The three test ages were 4, 7 and 28 days for the compressive strength 
specimens. Observations on the volume change specimens were begun 
immediately upon their removal from the moist room. The freezing 
and thawing tests of the blocks were begun at the age of 28 days and 
of the 3 by 6-in. cylinders at 4, 7 and 28 days. 

One mix and one consistency were used in that part of the investiga- 
tion which has been completed to date. Additional tests are planned 
for concretes of various consistencies and cement contents. 

The cements came from two plants located in the Lehigh Valley. 
Each plant submitted one sample of normal portland and one of high 
early strength cement. The sand and gravel came from the Morrisville 
plant of Warner Brothers, Philadelphia. The slag was regular air- 
cooled blast furnace slag from the Bethlehem Steel Co. and the cinders 
came from the Ormrod plant of the Lehigh Portland Cement Co. The 
combined aggregates had a fineness modulus of approximately 3.8. 

For the sand and gravel aggregate the concrete mix was 1:5.1:1.72 
with a gross cement-water ratio of 1.82 for the normal portland ce- 
ments, and 1:6.83:2.30 with a cement-water ratio of 1.36 for the high 
early strength cements. 

For the crushed slag the proportions were the same as for sand and 
gravel aggregates, but the cement-water ratios were 1.44 and 1.08 
respectively for the normal portland and the high early strength 
cements. 

For the cinders the proportions were 1:2.90:0.97 and 1:3.87:1.29, 
with cement-water ratios of 0.88 and 0.66 respectively for the two 
types of cement. 

The cement content of the concrete blocks was found to be 4.65 lb. 
per block for normal portland cement and 3.50 lb. per block for high 
early strength cement. 


RESULTS OF LEHIGH UNIVERSITY TESTS 


Compression Tests 

The average compressive strengths of the 3 by 6-in. cylinders are 
shown in Table 1 and the average block strengths in Table 2. In 
general, the high early strength cement produced average strengths 
above those obtained for normal portland cements at all ages of test 
and for all aggregates. However, there were many cases where in- 
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dividual strengths of cylinders made with normal portland cement 


gave higher strengths than the lower of the two high early strength 
cements. 


TABLE 1—cCOMPARATIVE STRENGTHS OF HIGH EARLY STRENGTH AND 
NORMAL PORTLAND CEMENTS 


Test specimens 3 by 6-in. cylinders. 
Specimens made at 70°F. and cured 3 days moist at 70°F., followed by storage in air of laboratory 
until time for tests. 
Fineness modulus of aggregate 3.8. 
: ‘Wes of high early strength cement per batch compared with 94-lb. normal portland cement per 
atch. 
Specimens made and tested at Lehigh University. 


Compressive Strength—p. s. i. 


Cement Cinder Concrete Gravel Concrete Slag Concrete 


4D. 7D. 28D. 4D. 7D. 28D. 5D. 7D. 28D. 


Normal Portland 
Nl 870 1090 2200 1760 | 2490 3150 2220 2320 3460 


N2 980 1390 2290 1820 | 1680* 3350 2210 2570 4240 
Average 925 1240 2245 1790 | 2490 3250 2215 2445 3850 
High Early Strength 
H1 1200 1440 2150 2270 | 3060 3600 2740 2740 4910 
H2 1200 1360 2280 2330 | 2890 3640 2450 2540 3870 
Average 1200 1400 2215 2300 | 2975 3620 2595 2640 4390 


Percentage Increase 30 13 —1 28 15 11 ie 8 14 


*Omitted from average. 

The average per cent increase was highest at 4 days. At 28 days 
the average increase in strength due to the use of high early strength 
cement was 8 per cent. 

The volume change observations and the freezing and thawing tests 
have been carried on for some time, but the results to date have not 
progressed far enough to show any major differences in performance 
for the two types of units. 


TABLE 2—AVERAGE STRENGTH OF 8 By 8-IN. HOLLOW BLOCKS 
MADE WITH GRAVEL AGGREGATE 


Compressive Strength—p. s. i. 


pement 4D. 7D. > gap. 
855* 1130* 1530* 

No 515 575 1130 

H1 680 940 1330 

H2 605 905 1405 


*The blocks for cement N1 were made first and were tamped more vigorously than the blocks made 
with the other cements. 


TESTS AT CENTRAL LABORATORY, LEHIGH PORTLAND CEMENT CO. 
That portion of the committee’s work referring to the effect of the 
grading of aggregates was carried on at the Central Laboratory of the 


Lehigh Portland Cement Co. The gravel, slag, and cinders were the 
same as those used in the tests at Lehigh University, but considerable 


676 JOURNAL OF THE AMERICAN CoNCRETE INSTITUTE—Proceedings 


work was done in separating and recombining the aggregates to 
definite gradations. The cements used were the brands designated 
as N1 (normal portland) and H1 (high early strength) in the Lehigh 
University tests but were taken from different lots. 


In general, the same procedure was followed as at Lehigh University; 
the batches used were designed to give a yield equivalent to one 
standard building unit (nominal size 8 by 8 by 16 in., 50 per cent core 
space) for each 3.56-lb. of high early strength cement (75 per cent of 
the quantity of normal portland). The water content was based on 
judgment, and in general was such that water would appear at the 


surface when the 3 by 6-in. test cylinders, well tamped, were nearly 
filled. 


The gradings were selected to show the effect of material finer than 
the No. 50 sieve, and were designated 3% in. to No. 50, 3% in. to No. 
100, and 3% in. to No. 200, although the last mentioned contained in 
all cases some material finer than No. 200. The program involved 
the following variables: 


2 cements: normal portland and high early strength portland. 

3 aggregates: gravel, slag, and cinders. 

3 gradings: as indicated in Table 3. 

3 ages at test: 4, 7, and 28 days. 

1 curing: 3 days in damp room, then in laboratory air. 

3 companion specimens at each age, tested in room-dry condition. 


TABLE 3—GRADINGS OF AGGREGATES 


Per Cent Passing Sieve Sizes Indicated 
Sieve Gravel Slag and Cinders 
34—50 34—100 34—200 34—50 34—100 34—200 

3% in 100 100 100 100 100 100 

to) 76 7 77 80 81 81 

54 57 58 60 63 64 

16 34 40 42 40 46 49 

30 16 24 28 20 30 35 

50 0 ugh iW 0 15 22 

100 0 8 0 10 
200 3 5* 
F.M. 4.20 3.91 3.70 4.00 3.65 3.39 


*Slag, 5% finer than No. 200; cinders, 6.57% finer than No. 209. 


Fabrication of the cylinders was so conducted as to minimize the 
effect of variations in hand tamping. Thus a 9-cylinder batch was 
made for each aggregate grading, and 3 operators each made 3 cylinders 
from each batch. The 3 companion cylinders for each age were then 
selected by taking a cylinder made by each operator. The cement 
content was determined from the net weight of the 9 cylinders of a 
batch, comprising .2194 cu. ft. of concrete. In some cases the batches 
were not sufficient to fill the ninth cylinder, and in such cases the net. 


May-June, 19386 High Early Strength Cements for Concrete Masonry 677 


weight of 8 cylinders, i.e., of .195 cu. ft. of concrete, was used. | 

As the cement content of the batches varied more or less from the 
design figures of 4.75 lb. per block for the normal portland cement, and 
3.56 lb. per block for the high early strength cement, respectively, 
Table 4 has been prepared to make the values comparable on the 
designed figures. The per cent increase of the high early strength 
cement strengths over the normal portland cement strengths are also 
shown. 


TABLE 4—EFFECT OF GRADING ON COMPRESSIVE STRENGTH 


| 
34,—50 Age. 34—100 Agg. 34,—200 Age. 
Age Cement Cement Cement 
Day S| =|, Ole Sister ee CSS SS a 
Normal | H.E.S. | Increase | Normal |} H.E.S. | Increase | Normal | H.E.S. | Increase 
Gravel 
4 2020 2565 27 2140 2420 13 2210 2860 29 
7 2560 3375 32 2650 3250 23 3050 3570 17 
28 2785 3780 36 3030 3590 18 3310 4110 24 
Slag 
4 2560 2875 12 2235 2840 27 2130 2500 17 
a 3030 3320 9 2780 3560 28 2840 3250 14 
28 4385 4460 2 4035 4610 14 3930 4100 4 
Cinders 
950 1060 42 995 1165 17 1090 1160 6 
7 1360 1410 4 1345 1550 15 1585 1560 —2 
28 1590 1730 9 1860 1930 4 1895 1950 3 


Table 4 indicates the effects of aggregate grading upon concrete 
made from the two types of cement. In the case of the gravel ag- 
gregate, it is seen that the strengths for both types of cement tend to 
be higher with the finer aggregate grading, although there is a slight 
departure from this trend in the high early strength mix with the 
medium grading. This slight falling off may be accounted for by 
excess water, as this particular series was noted as being over-wet as 
judged by early appearance of water in tamping the cylinders. On 
the other hand, the per cent increase of the high early strength cement 
concrete over the normal portland is highest in the coarsest grading, 
suggesting that while the finer aggregate grading benefits both ce- 
ments, it is somewhat more beneficial to the normal than to the high 
early strength. The average increase in compressive strength for all 
ages and grading with this aggregate was 24 per cent. 

With the slag aggregate, highest strengths are shown for the normal 
portland cement in the coarsest grading, and highest for the high early: 
strength cement are shown in the medium grading. The per cent in-- 
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crease of high early strength cement concrete strengths over normal 
are also highest in the medium mix. The average increase in strength 
was 14 per cent with this aggregate. 


With the cinder aggregates, the strengths are generally highest in 
the finest grading, although the high early strength cement concrete 
strengths are substantially the same in the medium and finest gradings. 
Here again the ratios of high early strength to normal portland cement 
concrete strengths are a maximum in the medium grading. The in- 
crease in strength due to high early strength cement was only 7 per 
cent when cinders were used as aggregate. 


On the whole, the indications from these tests are that gradings of 
the usual type best suited for lean dry-tamp mixtures should be carried 
below the 100-mesh size, regardless of the type of cement used, but the 
superiority of the finer gradings is not marked. 


TESTS AT STANDARD BUILDING PRODUCTS CO. PLANT, DETROIT 


To check the results reported to the 1935 convention in the paper 
by Mr. Wilk and to show the relationship between laboratory-made 
specimens and plant-made specimens, several series of tests were made 
using the methods reported in the paper. 


Table 5 shows the comparative strengths of block made from batches 
containing 70-lb. of high early strength cement or 94-lb. of normal 
portland cement. 


To determine the effect of using less high early strength cement per 
batch, additional tests were made, the results of which are shown in 
Tables 6 and 7. 


TABLE 5—COMPARATIVE STRENGTHS OF HIGH EARLY STRENGTH AND 
NORMAL PORTLAND CEMENTS—JULY SERIES 


Test specimens 8 by 8 by 16-in. hollow concrete block. 
Net bearing area 50% of gross area. 
Specimens made at 70°F., cured 1 day at 90°F., followed by outdoor air storage. 
4 Wa of high early strength cement per batch, compared with 94-lb. normal portland cement per 
atch. 
Each value is the average of tests of three specimens. 


Compressive Strength—p. s. i. 


Cement oe ze 
2D. 4D. 7D. 28D. 
Normal Portland 
A 439 531 530 
B 455 599 679 on 
Average 447 565 605 880 
High Barly Strength 
565 660 764 941 
D 492 635 745 928 
Average 528 647 754 935 
Percentage Increase 18 15 25 6 


ss 
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TABLE 6—COMPARATIVE STRENGTHS OF HIGH EARLY STRENGTH AND 
NORMAL PORTLAND CEMENTS—OCTOBER SERIES 


Test specimens 8 by 8 by 16-in. hollow concrete block. 
Net bearing area 50% of gross area. 
Specimens made at 50°F., cured one day at 90°F. followed by outdoor storage. 


£ a of high early strength cement per batch, compared with 94-lb. normal portland cement per 
atch. 


Each value is the average of tests of three specimens. 


Compressive Strength—p. s. i. Gross Area 
Cement ———_—_—_—_—— — 
3D. 7D. 28D. 
Normal Portland 
B 565 768 930 
High Early Strength 
C 688 910 949 
E 626 857 916 
Average 657 884 933 
Percentage Increase 16 15 0 


TABLE 7—COMPARATIVE STRENGTHS OF HIGH EARLY STRENGTH AND 
NORMAL PORTLAND CEMENTS—DECEMBER SERIES 


Test specimens 8 by 8 by 16-in. hollow concrete block. 

Net bearing area 50% of gross area. 

Specimens made at 50°F., cured one day at 70°F. followed by outdoor air storage below 32°F. 

6214-lb. of high early strength cement per batch, compared with 94-Ib. normal portland cement per 
batch. Each value is the average of tests of three specimens. 


Compressive Strength—p. s. i. Gross Area 


t 

Cemen rs = — 
land 
Normal Eee an oe | bie oa 
i th x 

High Sas Streng — a ae 
D 264 511 741 
Average 236 517 734 
Percentage Increase —12 3 pes 


STORAGE OF HIGH EARLY STRENGTH CEMENT 


During the last year, a large amount of high early strength cement 
bas been used in the plant of the Standard Building Products Com- 


pany and a number of brands have been tried. 


Experience has shown that storage conditions must be carefully 
watched, especially if the cement is handled in cloth bags. The ex- 
treme fineness of the high early strength cements, combined with the 
humid air usually found in products plants, may cause caking of 
cement stored over too long a period and, as a result, considerably 
reduced strengths. This may be one of the reasons why the strength 
results with some high early strength cements are not as uniform as 
products manufacturers would like to see them. 
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SUMMARY 


These tests indicate that for the method of curing used, (3 days 
moist room, then air until test) 70-Ib. of high early strength cement 
gave compressive strengths higher than 94-lb. of normal portland 
cement at ages of 3 to 28 days. The difference in strength was more 
marked at the early ages (4 and 7 days) than at the 28-day period. 


For such discussion of this paper as may develop readers are re- 
ferred to “Supplement,” JouRNAL for Sept.-Oct. 1936. Discussion 
should reach the Secretary by Aug. 15, 1936. 


Discussion of papers presented by Committee 609: 
‘“PLACING CONCRETE BY MEANS OF VIBRATION’’* 


CONVENTION DISCUSSION 


Ben Moreell (C. E. C., U. 8S. Navy): I should like information about 
frequencies. We have been told that a vibrator should place between 
13 and 20 cu. yds. per hour. We see trade literature talking about 
frequencies of six, eight and ten thousand. Professor Davis has 
mentioned frequencies of eight and ten thousand volts on a bridge. 
What I want to know is whether, if we specify a vibration of say 8000 
blows per minute, we can be sure that when that vibrator is buried in 
the concrete and has been working for some time, that vibrator will 
continue to operate at 8000 blows per minute? Has the equipment 
been developed to a point where we can be sure that if we specify a 
thing like that, the claims in the trade literature will be borne out? 


A. E. Lindau (Chairman of Committee 609): The information is 
somewhat meager but we will have more shortly. Vibrators are on the 
market now that will measure the frequencies of the vibrator when 
immersed in concrete. The committee is not prepared now to answer 
that question specifically. However it is reasonable, I think, to expect 
that the frequencies talked about here of eight to ten thousand per 
minute, can be obtained because the power of the vibrators is such 
that they are not particularly slowed down in concrete. The slowing 
down in speed I have observed has not been over 15 per cent when the 
element has been immersed in concrete. However, that is pretty 
sketchy and is not a complete answer to your question. Have you 
something, Professor Davis, to add? 


Raymond E. Davis (Univ. of California): I have nothing more 
definite to add. All I can say is that from observations of machines 
travelling at different frequencies and observations of machines 
travelling at different amplitudes, it seems as though we were headed 
in the direction of higher frequencies and smaller amplitudes. 
ee aeiopenlia, March-April 1950) Proceedings, Vol 


31, p. 417; May-June 1935, Proceedings, Vol. 31, p. 527; Sept.-Oct. 1935, Proceedings, Vol. 32, p. 65. 
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A. S. Douglass (Detroit Edison Co., Detrott): L, believe this subject 
is one of extraordinary importance. I have been impressed by the 
admitted character of the purely practical in these papers. I believe _ 
it is necessary that this whole subject be supplemented by laboratory 
investigation and determination. There are many variables which 
must be evaluated before such practices can be used and controlled 
effectively. Take for instance the matter of frequency and amplitude 
of vibration, I can imagine amplitude and frequency which will have 
the effect of fluffing up the mixture—somewhat the effect of a high 
speed cake beater making a light cake. Certainly such a result must 
be avoided in concrete. In fact, amplitudes and frequencies must be 
determined which will produce the opposite result as completely as 
possible. Some time ago in reading a paper on ‘Fashions in Engineer- 
ing Above all Things” I was impressed by the fact that we are all, even 
we engineers, too inclined to rush into things. I believe too little is 
known about the effects of vibration at the present time, and I believe 
that if these papers convey to some contractor the belief that he can 
save all his concrete, whether sloppy, rich, lean or otherwise by vi- 
brating it, the result may be most damaging. It should be borne in 
mind in respect to Professor Withey’s test, that the whole body of 
concrete was vibrated, or thrown about, so to speak. Such a test might 
prove things which might not be at all true in a mass such as dam work. 
Therefore, while his test is a valuable contribution there is a clear 
necessity of going beyond it. In one of the papers it was stated that 
the vibrator should not be more than six inches from the form; auxiliary 
spading was also referred to. This definitely implies a limitation in 
the extent to which the mass is affected by the vibrator. Possibly core 
sampling and core testing as a laboratory follow-up may reveal the 
extent of the affected mass by various types of vibrations. 


The remarks of Mr. Lindau have clearly indicated that these things 
are in mind and that the contributions at this meeting are progress 
contributions only. My purpose is to enter a word of caution against 
rushing too precipitately after a new fashion, and to proceed carefully 
in order that the very great promise which this matter holds may be 
fully realized. . 


Mr. Lindau: While I think Mr. Douglass has pointed out a feature 
of a paper that perhaps may not have become evident to the audience, 
certainly no one has been more aware of the possibility of an idea 
running away with us than your chairman, and in view of that fact we 
specifically asked these authors to give us the benefit of their experience 
completely, tell us what the troubles were as well as the advantages, 
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and you probably have noticed that in general they have done so. We 
no doubt can reach a point very readily where we think all that is 
necessary to get a perfectly fine piece of concrete is to get some vibrator 
and stick it in there and let it go. Well, most decidedly the view of the 
committee is that that is not the answer and the committee hopes to 
continue this work and to go along the line suggested by Mr. Douglass 
and get the fundamental basis for the use of vibrators so that we know 
very definitely what we are doing. 


C. B. Gifford (Concrete Plank Co., Jersey City, N. J.): I have had 
some experience with concrete, more particularly in the vibration of 
three-course slabs. I have been making two-course concrete slabs 
about five years, and three course slabs about three years. We are 
using a very high speed. I find that if I have too much amplitude, that 
the mix becomes segregated, but if I have a high speed and little 
amplitude, I get a more dense and a stronger mix altogether. I have 
found in the use of a vibrator, that when the mixture I have in the 
pan (I am using a thin, three-course slab) has a creamy appearance on 
the surface, the mass is about the densest it will ever get. I get air 
pockets on the vertical surfaces; that is something I have not been able 
to overcome in an experimentation of about three years. 

Commander Moreell: I just wanted to remark in reply to Mr. 
Douglass that with respect to frequencies: the vibrators whose use in 
France I reported, were started with a frequency of 900 blows per 
minute; that was stepped up to 1800 and a vast improvement in the 
product resulted. Later it was being stepped up, as I left France, to 
3500. They felt that that increase in frequency had given them a 
vastly improved product. 

John R. Nichols (Boston): A number of specifications have warned 
us against vibrating the forms. The vibration that was done in 1918 
in building concrete ships was applied to the forms; they used just 
common forms, but it gave vibration and did consolidate the concrete. 
Why are we warned against vibrating the forms? In the Withey tests, 
the vibration was transmitted to the concrete through the form. Why 
should we be warned against that? It seems to me that it is an ex- 
cellent way of transmitting vibration to the concrete. 

Mr. Lindau: It is not so simple to answer that question, Mr. 
Nichols. I think more than one question is involved. The authors of 
these papers say you should not vibrate the form. As I get it, we have 
not had time to get their complete story. They have in mind the 
damage to the forms, but that is not the only thing involved; there 
has been a prejudice on the part of some people who have tried form 
vibration, so called; they believe that they get so much more tear to 
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the surface and that that is undesirable. However, in many cases that 
is the only thing you can do and it is the most practicable thing to do, 
and so far as damage to the forms is concerned, I might say that I know 
one whole job placed by vibrators on the basis of having the vibrator 
in contact with the forms almost the entire period of vibration, and 
those forms were used over and over again. It was a viaduct floor and 
the use of those forms was a considerable part of the economy in that 
project, and so far as I could observe, they were used about as many 
times as if they had had tamping. I could not see any particular 
damage to the forms. However, we cannot answer all the questions at 
once. We have had no opportunity to ask the authors’ opinions about 
these matters, so we have presented the matter as it has come to us. 


Professor Davis: 1 think there is another element there besides 
damage to the form. In the case of concrete ships, we were vibrating 
a very thin section. In other cases, where we vibrate the forms, we 
were attempting to consolidate a relatively thick section. I had in 
mind a job which I visited recently, a tunnel lining where both methods 
of vibration were employed. Now, when the forms were stripped, the 
surfaces, the interior surfaces of the tunnel looked about equally good, 
yet when cores were cut from that tunnel lining, it was obvious that 
the method of internal vibration had compacted the concrete for the 
entire thickness of the tunnel lining, whereas this form vibration had 
not done so. It seems to me therefore to be largely a question of the 
thickness of the section of concrete which it is desired to vibrate, and 
certainly in many cases form vibration, where we have thin sections 
and a larger amount of steel, is the only practical method. 


H. S. Wright (Nazareth Cement Co., New York): One specialized 
form of external vibration, which I think the committee should in- 
vestigate, is a matter of the vibration of so-called Lally columns. I am 
not familiar with their present practice, but about 1920 or 1921 they 
were in the habit of making a traprock concrete so dry and hard that 
it could not be compacted by any known means other than vibration. 
They placed it in the column which was from 434 in. to 10 or 12 in. in 
diameter, and with external vibration, pneumatic vibration, that con- 
crete was compacted in the column until the water splashed from the 
surface. Cutting sections transversely of the longitudinal length of 
the column showed no indication of the aggregate, the coarse aggregate 
having been thrown away from the face of the column, and it showed 
a remarkable density along the entire length. I think it might be 
worth while to see what their practice is today and whether they have 
that same good result from it. 
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M. I. McCarty} (Ludington, Mich., by letter): Several papers have 
mentioned or recommended extreme frequencies ranging from 6000 
to 10,000 r. p. m. Commander Moreell has asked enlightenment on 
this particular subject in order that engineers specifying vibration may 
outline frequency requirements intelligently. 

This question deserves a reply by a manufacturer of vibratory 
machines. Upon manufacturers has rested the burden of introducing 
and perfecting the method and equipment for placing concrete by 
vibration. They must make available to the contractors machines 
that will perform satisfactorily and continuously under mechanical 
stresses that are serious problems in themselves. Every manufacturer 
of machinery, particularly of the high speed type, has spent untold 
sums of money in eliminating the very thing we are deliberately 
producing, to wit, vibration—the most destructive internal force in 
any piece of equipment. 

This question of frequency is of such extreme importance and con- 
tains so much dynamite in its relation to the future use of the method 
that I feel it is necessary to call to your attention a few facts. 

1. Practically all of the data available today, indicating the de- 
sirability of utilizing vibration as a distinct improvement in concrete 
placement, has been obtained with frequencies ranging from 3200 to 
4000 r. p. m. 

2. Vibration must be transmitted through the bearings of the 
machine; the lubrication is therefore a major problem. A lubricant 
that will operate a standard electric motor for nine months without 
changing will stand up approximately one week in a vibratory machine 
of the same frequency, this frequency being 3600 r. p. m. 

3. In the three types of vibratory machines produced at this time, 
electric motors with unbalanced weights, vibratory units driven by 
flexible shafts and air turbine machines, the same limitations hold 
true. They can be operated for a short period at extreme frequencies 
but inevitably the life of the tool will be shortened, the contractor will 
be forced to carry more spares than should be necessary, and main- 
tenance expense will be out of proportion to the advantage that may 
be gained through slightly accelerated placing speed. In fact, on the 
small jobs the contractor may be confronted with an expense which will 
preclude his use of vibratory equipment unless it can be added to the 
cost of the job which will defeat the very thing we are trying to ac- 
complish, to wit, a better job for less money. 

4, Extreme frequencies have been used on large projects mainly 
where the material is harsh and in most instances unusually dry in 
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consistency. I distinctly question their use in thin sections where 
more workable concrete is required owing to the possibility of over 
vibration which will result in separation. 


5. The question of sustained amplitude at varying frequencies is 
answered in the two pictures. Fig. 1 illustrates the amplitude of a 
40-lb. vibrator at 3500 r. p. m. Fig. 2 illustrates the same machine 
operating at 5000 r. p.m. These amplitudes were obtained by attach- 
ing a stylus to the vibratory motor and drawing across the point of 
this stylus a celluloid strip, thus obtaining the direct amplitude of the 
machine and it will be noted that this remains practically the same 
regardless of frequency. A 90-lb. machine produces the same results 
with an increase in amplitude of approximately @q in. 


In concluding this discussion I hope that the concrete industry will 
take advantage of and use the vibratory equipment available today 
with the assurance that the various manufacturers will improveand 
make additions to their lines as they can be reasonably expected to do 
in the course of competition and desire upon their parts to better their 
product. 


Fig. 1 AND 2—VIBRATION RECORD—3500 R. P. M. ABOVE— 
5000 R. P. M. BELOW 
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Albert Merciot (28 Rue Rousselet, Paris VII, France, by letter): Mr. 
Hathaway writes (A. C. I. Journat, Mar.-Apr., 1935, Proceedings, 
Vol. 31, p. 422): that the best practice is to avoid putting the vibrator 
in contact with the reinforcing steel, particularly when the concrete 
must be put in place slowly and when the vibration might be trans- 
mitted through the agency of the steel to that portion of the concrete 
which has already started to harden. 


Allow me to remark that it has been demonstrated that vibration of 
the elements of concrete in the process of hardening is not only without 
any danger but gives to this concrete an even higher degree of re- 
sistance than it would have otherwise. 


Important research on this subject has been made by Mr. Giesek 
(Annual conference of the American Society of Standardization, 1921), 
and more recently by V. I. Soroker, engineer, Scientific Collaborator 
of the Institute of Scientific Research concerning Industrial Con- 
struction (Bol. Levchinsky per. 17 Moscow, USSR). 


Since the foregoing discussion was completed Committee 609 has 
presented a further report (Recommendations for Placing Concrete 
by Vibration—A.C.I. Journat, March-April 1936, p. 445, and 
with that report as a basis, discussion is open until July 1. 


Discussion of papers by A. Burton Cohen, and R. B. Young: 


‘‘QuPERVISION AND INSPECTION OF CONCRETE” AND 


““INSPECTION’’* 


Charles C. McNamara (Denver, Colo., by letter): Messrs. Cohen, and 
Young have presented excellent papers on one of the most important 
phases of concrete work. They may well serve as the beginning of ex- 
tended activity of Institute members in this important phase of con- 
crete construction. During the last few years the extensive advance- 
ments made in the design of structures and in the knowledge of concrete 
properties have added immeasurably to the economy and applicability 
of concrete as a structural material. To realize their full benefits, 
inspection must advance with equal rapidity. Encouragement and 
assistance for such advance should be ranked as equal in importance 
with sponsoring of researches and building codes. 


Purposely, the authors restricted their papers to only one phase of 
a broad subject. An adequate treatment of inspection and all its 
interrelated problems is more appropriately the duty of the whole 
Institute led by a select committee of experienced concrete engineers. 
Here is an unusually good opportunity for rendering distinguished 
service. 


Many engineers and architects are fully aware of the inadequate 
inspection on many jobs, but they have neither the time nor the data 
required to “‘sell’’ the policy of good inspection to their superiors, or 
the owners. This fact, probably more than any other, results in- 
directly in poor or mediocre concrete, and makes necessary the rela- 
tively high factors of safety used in design. One of the best sources of 
“sales points” for inspection is the paper on the “Study of Defective 
Concrete” by F. R. McMillan (Proceedings, Amer, Concrete Inst., 
Vol. 27, p. 1039, (1931), but many valuable additional data are in other 
papers and in the experience of engineers all over the world. A com- 
pilation of such data and experiences prepared primarily to show the 
benefits of good inspection, and a discussion of convincing arguments 
in justification of inspection costs would undoubtedly be much used 
by engineers and architects throughout the world. 
~ *JOURNAL, Amer. Concrete Inst., Sept.-Oct. 1935; Proceedings, Vol. 32, p. 39. 
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A condensed, single publication of the principles of concrete con- 
struction and inspection would, by making reliable data and advice 
readily available, promote more and better concrete. Many manuals 
for concrete inspectors have been published by various organizations, 
but most of them are limited in scope and application to one type of 
construction or only one phase of the subject of inspection. Of 
necessity, such a publication should contain an extensive summary 
of the relationships known to exist in concrete, and recommended 
procedures for inspection. For the protection of the owner, the 
engineer, and the contractor, a list of subjects to be covered adequately 
in the specifications should be given, as a prerequisite to good con- 
struction. Recommended organizations, instructions, and sample 
record-forms in detail for relatively small jobs would be widely adopted 
in preference to the less satisfactory methods now used. Although a 
publication prepared to serve such a purpose would become out-of- 
date in time, many of the accepted principles of concrete construction 
will certainly remain unchanged, and only minor revisions would be 
necessary. 

There should be a generally accepted handbook or manual of concrete 
inspection as a guide for inspectors and constructors just as there is 
an A. C. I. Building Code. The Institute by its many notable con- 
tributions to the advancement of concrete design and construction 
has become a recognized leader and authority in that field of work. 
An inspection manual sponsored by such an organization would be the 
foundation for standardization in construction and subsequent further 
advancements in the design and use of concrete structures. 

Mr. Cohen’s suggested qualifications for good inspectors are ap- 
parently far above those required by many executive engineers. In 
many organizations the inspection positions are by far the poorest. 
They frequently require unreasonably long hours of work at low wages 
—in some cases even lower than common laborers receive—and only 
seasonable employment is assured. Under such circumstances well 
qualified men will inevitably shun inspection and seek a more promis- 
ing type of work. 

The future prospects for better inspectors and better inspection will 
depend upon the attitude of those directing construction work. So 
that the problem resolves into one of convincing executive engineers, 
and owners that good inspection is well worth its cost. 

EDITOR’S NOTE 

Mr. McNamara’s suggestions are good. The Institute’s Advisory 
Committee anticipated the need which he mentions. AmWwAs AC aatle 
Manual of Concrete Inspection is in preparation. 


Discussion of a paper by Davis, Kelly, Troxell and Davis: 


“PROPERTIES OF MorRTARS AND CONCRETES CONTAINING 


PoRTLAND-PUZZOLAN CEMENTS’’* 


Bailey Trempert (Olympia, Wash., by letter): The authors of this 
paper have made a partial presentation of the data that led them to the 
conclusions given and to their summary. On the basis of the reported 
data, the writer is unable to find justification for some of the state- 
ments made. It is felt that the authors properly should have given 
greater emphasis to certain results that might escape the attention of 
the busy reader. : 

For instance, the authors state in their summary that portland- 
puzzolan cements as a group produce concrete that is less permeable 
than is obtained with portland cements asa group. The data presented 
to substantiate this statement consist of tests of one portland-puzzolan 
cement only, compared to two portland cements. The data show total 
inflow into the concrete, not the amount passing through. Results 
are given for concretes containing 0.8 and 1.0 barrels of cement per 
cubic yard. It is noted that for the richer mix the reduction in inflow 
resulting from the use of portland-puzzolan cement is relatively much 
less. This may indicate that for cement contents greater than about 
1.25 barrels per cubic yard, differences in permeability between the 
two types of cement might be negligible. 

The authors’ summary states: ‘It has been found that there is a 
fair correlation between the activity of a puzzolan (as determined by 
the compressive strength of puzzolan-lime-sand mortar) and the com- 
pressive strength at the later ages of mortar containing the correspond- 
ing portland-puzzolan mortar.”’ Table 3 shows such a correlation for 
portland-puzzolan cements in standard mortar. The strengths ob- 
tained with plastic mortar are not proportional to those of standard 
mortar and the correlation between the former and the activity test is 
somewhat poorer. With respect to tests of concrete specimens, which 
in the final analysis are of greater importance than mortar tests, 
computations show that at ages of 3 months and 1 year most of the 
puzzolans contributed little to the strength. Of those showing high 


*JouRNAL, Amer. Concrete Inst., Sept.-Oct. 1935; Proceedings, Vol. 32, p. 80. 
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activity only Clay C, calcined and oil impregnated diatomaceous shale, 
calcined were effective to the extent that the portland-puzzolan con- 
cretes attained strengths in excess of 90 per cent of the corresponding 
portland cement. Of the remainder (28-day compressive strengths in 
the activity test less than 800 p. s. i.), two puzzolans, calcined tuff and 
calcined pumicite, were effective to that extent. 

The authors emphasize that the concrete in these tests was relatively 
rich. The writer does not believe that, when 34-in. maximum size 
aggregate is used, concrete containing 1.50 bbls. of cement per cu. yd. 
is unduly rich, particularly if the concrete is to be subjected to ag- 
gressive waters. 

It is noted that the activity test is conducted at a temperature of 
130° F. It is well known that temperature has an important effect on 
the extent to which combinations between lime and silica take place. 
In the manufacture of sand-lime brick, reactions that would be neg- 
ligible at normal temperatures are made to occur by means of tempera- 
tures in the neighborhood of 300° F. The portland-puzzolan mortar 
and concrete specimens made by the authors were cured for the first 
28 days at 70° F. and thereafter at temperatures assumed to be not 
greatly in excess of this. It seems possible that the activity test might 
have had greater significance had it been conducted at 70° F. More- 
over, the concrete in many structures, for which the use of portland- 
puzzolan cement might be considered as a result of the authors’ 
recommendations, will not, in all probability, attain temperatures as 
high as 130° F. 

The authors state in conclusion 26 that the ‘‘portland-puzzolan 
cements containing diatomaceous silicas, volcanic silicas, and lime- 
stones are more resistant to the action of sodium sulfate than are the 
corresponding portland cements, provided that the puzzolans are 
present in amounts greater than 10 per cent and up to 30 per cent, the 
limit of these tests.’ Exceptions to this generalization are found in 
two of the four materials in the volcanic silica group, namely basaltic 
tuff and Italian pozzuolana. 

In their summary, the authors modify the above statement by the 
inclusion of activity and silica content as requirements for improved 
sulfate resistance. The basaltic tuff and Italian pozzuolana might be 
ruled out on the grounds that although active they were not sufficiently 
high in silica. The use of activity and silica content as criteria of 
sulfate resistance does not, however, appear to be entirely satisfactory 
with respect to the calcined clays. It is difficult to account for the 
pronounced difference in sulfate resistance exhibited by Clay A and 
Clay C on these bases. 


‘ 
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The activity test has to do with reactions taking place between lime 
and silica. Gonnerman* in a study of cements of widely varying 
composition concluded that “‘of the four major compounds, tricalcium 
aluminate appeared to be the only one which reduced the resistance of 
mortar and concrete to 2 per cent solutions of magnesium and sodium 
sulfate.’ ‘If this is true, it appears that for sulfate resistance, the 
essential requirement of puzzolans would be their ability to neutralize 
the effect of tricalcium aluminate or, more specifically, the hydrated 
form of this compound. It would seem pertinent to examine puzzolans 
for the possibilities of their aluminous compounds forming the de- 
structive sulfo-aluminates. Tests for activity of a puzzolan with lime 
seem to be somewhat misdirected as a measure of sulfate resistance. 


The authors state in the summary that “these investigations make 
it appear that portland-puzzolan cements of proper composition are 
suitable for . . . structures subjected to the action of aggressive 
waters.” It is not found that adequate means of determining “suit- 
able composition” have been presented in this paper. Attention is 
also called to the fact that the ‘aggressive waters’ to which the port- 
land-puzzolan mortars and concretes were exposed were relatively 
pure solutions of one salt only, sodium sulfate. With the exception of 
one inconclusive series, exposures were in the relatively constant 
temperature of the laboratory. The importance of tests by outdoor 
exposure to natural waters is well illustrated by the findings of Miller 
and Mansont who exposed concrete cylinders containing, as an ad- 
mixture, 20 per cent of volcanic ash from northwestern Nebraska 
(silica content, 72.45 per cent) in a 1 per cent solution of sodium sulfate 
in the laboratory and in the sulfate waters of Medicine Lake, South 
Dakota. They found that ‘twenty per cent ash increased the resist- 
ance of laboratory cylinders more than 500 percent . . . Twenty 
per cent ash did not, however, increase the resistance of the cylinders 
exposed in Medicine Lake; on the contrary it slightly reduced their 
resistance.”’ 
= #Study. ok Cement Composition in Relation to Strength, Length Changes, Resistance to Sulfate 
Waters and to Freezing and Thawing of Mortars and Concrete, by H. F. Gonnerman, Proceedings, 
American Society for Testing Materials, Vol. 34, Part II (1934), p. 244. 


{Laboratory and Field Tests of Concrete Exposed to the Action of Sulphate Waters by Dalton G. 
Miller and Philip W. Manson, U. S. Dept. of Agriculture Technical Bulletin No. 358. 


Discussion of a paper by D. B. Steinman: 


“IsreG STEEL FOR CONCRETE REINFORCEMENT’ * 


Bengt Friberg} (St. Louis, Mo., by letter): The paper presents in- 
teresting data in regard to structural advantages to be obtained by 
the use of reinforcing steel with high elastic limit. In all of the test 
beams reported by the author, the reinforcement consisted of either 
conventional type hot rolled structural grade bars or the Isteg type of 
reinforcement as produced by twisting, while restrained as to length, 
two structural grade plain bars. The increase in yield strength by 
reason of the coldworking of the individual bar in the latter case being 
from 41 to 52 per cent. It is undoubtedly to be expected that concrete 
beams reinforced with Isteg reinforcement would reflect this increased 
yield point in a corresponding increase in beam strength. Calling at- 
tention to any such strength increase is hardly required and is, of 
course, not peculiar to the Isteg type of reinforcement. Any further 
increase in strength with Isteg reinforcement, than that which is 
occasioned by the higher yield point, would, of course, be of great 
interest. Such information is not available from the tests as reported, 
which used conventional type reinforcing steel of a lower yield point 
for all comparative tests. 

A picture of any possible strength advantage of Isteg reinforcement 
is obtained only from a comparison with conventional types of rein- 
forcing bars of the same yield point. For that purpose, Fig. 1 has been 
prepared covering a great number of concrete beam tests reported in 
the technical literature, with tension failures recorded, and with rein- 
forcing bars of varying known yield points. There have been included 
on this diagram values from Isteg reinforced concrete beam tests. 
Values on the inclined straight line in the diagram would indicate 
equality between reinforcing steel yield point strength and the cal- 
culated stress in the reinforcing material at the time of failure. The 
plotted results of the great number of tests included show the calculated 
steel stresses at failure generally well above the yield point strength 
of the reinforcing material. The diagram also shows the calculated 
Isteg reinforcement stress at failure well above the yield point strength 


*JouRNAL, Amer. Concrete Inst., Nov.-Dec., 1935, Proceedings, Vol. 32, p. 183. 
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Fig. 1—- RELATION BETWEEN STEEL YIELD POINT STRESS AND CAL- 
CULATED MAXIMUM STRESS REACHED AS REINFORCEMENT IN CONCRETE 
BEAM TESTS 


of the material, but certainly no more than what has been experienced 
with conventional type reinforcement. The diagram shows clearly the 
great increase in strength to be gained in most concrete structures by 
using a higher elastic limit reinforcement. 


It is quite normal that a reinforcing material, which by reason of 
coldworking has lost the clearly defined yield point characteristics of 
hot rolled low carbon steel, at the ultimate load on the conventional 
concrete beam will have a stress somewhat higher than the “laboratory- 
established” yield point stress. A similar delay in concrete beam 
failure may be exhibited by reinforcing steel with definite yielding 
characteristics, provided the mechanical bond between the steel and 
the concrete, because of surface roughness, is sufficient to confine the 
stretching at the yield point stress, actually existent at a tension crack, 
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Vic. 2— EFFECT OF PERCENTAGE OF REINFORCEMENT UPON THE STRESS 
RELIEF IN TENSILE CONCRETE BEAM REINFORCEMENT 


to a short length of the bar. In the Saliger tests, plotted in Fig. 1, 
plain round bars were used for reinforcement; and in these tests the 
maximum reinforcing steel stresses correspond most nearly to the yield 
point in the reinforcing. The concrete as a material is so brittle that 
it can hardly be expected to accommodate the stretching of the bar at 
the yield point over a considerable length without exhibiting ultimate 
distress. The Columbia University tests may not reflect the full delay 
that might seem possible if compared to the plotted data of tests made 
by Professor Mylrea with conventional type bars. Whether this is 
due to the peculiar characteristics of the reinforcing material, with 
nonuniform coldworking across the section, or to the routine of the 
tests is not certain. 


The test data furnish an excellent comparison between the ultimate 
calculated steel stresses and the maximum observed steel stresses, 
which are lower than the calculated stresses and in each case approxi- 
mately equal to the yield point stress, acting over the full gage length. 
There is evidence in recent research that the excess of the calculated 
over the observed steel stresses is dependent upon the percentage of 
reinforcement. The observed differences between calculated and ob- 
served steel stresses, plotted against the reinforcing steel percentage, 
are therefore shown in Fig. 2 for the tests as developed from the 
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author’s tables, together with test data developed by Prof. H. J- 
Gilkey for other type of high elastic limit reinforeement and long- 
time load tests, published in the Proceedings of the Fifteenth Annual 
Meeting of the Highway Research Board (Dee. 4 to 6th, 1935). 


For comparison and to indicate the recurrence of the trend, data fur- 
nished by beam tests in the Bridge Division of the Oregon Highway 
Department (Engineering News Record, Sept. 19, 1935, C. B. Mc- 
Cullough, author), including beams with distinct tension failure and 
those with calculated stresses higher than the yield point, have also 
been plotted. As the actual stress in the conventional type inter- 
mediate grade bars used was not observed, the stress relief in this series 
is assumed as the difference between calculated ultimate steel unit 
stress and the yield point stress for the reinforcement according to the 
Highway Department’s test reports, %-in. bars 49,600 p. s. i., four 
beams; /%-in. bars 53,025 p. s. i., four beams; 1-in. bars 47,925 p. s. 1. 
three beams. 


In all of these tests, the apparent relationship between the per- 
centage of reinforcement and the possible stress relief in the reinforcing 
material is evident. The plotted data do not indicate any distinct 
difference in favor of one or the other type of reinforcement. The 
conclusion by the author that the higher calculated reinforcing over- 
load with Isteg bars was due to inherent characteristics of that type 
of reinforcement is accordingly not conclusive. The greater calculated 
overload (stress relief) is rather a result of the smaller reinforcing 
percentage, and is possible with any high elastic limit reinforcement 
of satisfactory mechanical bond. It is suggested that the initial com- 
pressive stresses in the reinforcement, incidental to the shrinkage of 
the concrete in the test beams, provide the major portion of this stress 
relief. The experimental data so far available are not sufficient to 
indicate more than the distinct apparent relationship. 


The author’s statement that the Isteg type of reinforcement would 
have a beneficial effect in permitting overload on the concrete in com- 
pression seems based on the fact that a beam with Isteg reinforcement 
developed a computed concrete compressive stress of 3520) passe, 
although the cylinder strength of the concrete was 3300 p. s. i. The 
statement is not distinctly supported by the evidence, as apparently 
none of the test beams were subject to concrete compression failure; 
and furthermore, experience of beam tests recorded in the technical 
literature generally indicates that such concrete compression failure 
would not be likely until the calculated stress exceeded the cylinder 
strength by a considerable margin, at least 25 to 50 per cent. For the 
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Oregon beam tests mentioned Mr. McCullough does not indicate con- 
crete compression failures until the stress, calculated according to 
conventional methods, exceeded the cylinder strength by as much as 
73 per cent (average of four tests). To this condition may be attributed 
in large measure the fact that generally the strength of the reinforcing 
steel determines the strength of most concrete beams under present 
design and construction practice. Any increase in elastic limit whether 
of Isteg or conventional types of reinforcement leads toward better 
balance of the design. 


The bond test data have been presented in the paper in such manner 
that the true condition of bond stresses is not immediately discernible. 
These data have therefore been rearranged in Table 1 to show the 


TABLE 1—BOND STRESSES AT FIRST SLIP OF THE TYPES OF REINFORCEMENT 
TESTED AT COLUMBIA U., A. C. I., VOL. 32, 1935, Pp. 183 


: Bond Area, Bond at 
Bar Size 8 in. Length Stress in Steel Load on Bar First Slip 
4 sq. in. Dp sels lb. Ps i8ale 
ISTEG BARS 
34" oo 18.9 42000 9250 490 
14" ob 25.1 28920 11560 460 
4%" oo 31.4 19040 11800 376 
34" bd 37.7 18960 16700 443 
Average 440 
DEFORMED HOT ROLLED BARS 
Ky" ob 15.7 23200 7200 458 
KR" o 22.0 14880 8900 405 
lid) 25.2 14320 11300 448 
1%" ¢ 31.4 10160 12500 399 
Average 435 
PLAIN HOT ROLLED BARS 
54" 15.7 17760 5500 350 
34" 18.9 20000 8800 466 
1’ ¢ 25.2 12160 9600 381 
Average 400 


NOTE—8 in. embedment. Ultimate bond not reported. 


actual comparative bond stresses, not the bond per linear inch of bar 
and the stress in the bar, only, as done by the author. The bond at 


first slip averages: 


FOUMUS ISOS OATS. coi ne neti reat no ett ae Rs 440 p. s.i. 
for the deformed bars. ......- 62+ 4++005+% ASS p82 ¥. 
forthe. plainsbars.4.senes a-l2 tack iniane eee 400 p. s. i. 


These results indicate that, insofar as first slip is concerned, Isteg 
reinforcement shows practically no advantage over other types of 
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reinforcement of equivalent size; that is, the pair of Isteg twisted bars 
compared with two single bars of the same size. Any impression of 
the greater bond resistance as a peculiar characteristic of Isteg twisted 
type of reinforcement is accordingly incorrect. The data only verify 
the fact that bond stresses decrease in proportion as the surface area 
of a reinforcing member increases. The twisting of the bars can only 
claim equality to the deformations in increasing the bond resistance at 
first slip according to these tests. The condition which the author’s 
bond tables forcefully and correctly illustrate is the easy means of 
increasing bar stresses without increasing bond stresses by the self- 
evident expedient of decreasing the bar sizes. No concern about bond, 
so easily provided for, should need to hinder in correct design the 
utilization of high elastic limit reinforcing steel.. 

The Isteg reinforcement offers interesting possibilities worthy of 
consideration where large bond areas are required in a closely confined 
space. As a standard reinforcing material, and based upon the data 
presented, no advantage in strength can be claimed over conventional 
types of reinforcement of equivalent yield point. The excess unit cost 
of Isteg bars over conventional types of from 15 to 30 per cent would 
hardly be generally justified in construction, unless, as would seem to 
be the case in many localities in Europe, structural grade steel is the 
only conventional type reinforcing available at the cheaper price. 

Ben Moreell* (Washington, D. C., by letter): The development of 
Isteg steel reinforcing having come from Europe, it is interesting to 
know what experimental results have been obtained with that steel 
by European authorities. 

In the “Report of the Building and Research Board for the year 
1934” of the Department of Scientific and Industrial Research of Great 
Britain, an account is given of load tests on beams reinforced with 
ordinary mild steel and companion beams reinforced with Isteg steel. 
The following brief quotations from the report of the tests are per- 
tinent: 

In order to decide whether higher stresses are likely to prove satisfactory in practice 
it is necessary to consider their effect on the cracking and deflection that will occur, 
and the factor of safety against collapse. Cracking and deflection involve observations 
over a period of time sufficient to allow the effects of shrinkage and creep to develop. 

Tests were made on four beams, two reinforced with mild steel and two with the 
special steel, in three stages: 

(a) at working loads. 
(b) at 50 per cent above working loads. 
(c) increasing the load up to ultimate failure. 

The working loads were maintained for a period of six weeks, the load then being 
increased to 50 per cent above the working load for a further period of six weeks. 


*Commander C. E. C., U. 8S. Navy. 
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Throughout the whole pefiod and subsequently up to failure, measurements of the 
deflections and crack widths were made on all the beams. 

The results show that with regard to deflection and cracking due to strain the 
special steel behaves in much the same way as ordinary mild steel. At the same 
steel stress beams made with the two materials show similar deflections and cracking. 
At 27,000 p. s. i. the deflections of the beams with the special steel reinforcement were 
about 40 to 50 per cent greater than the deflections of the beams reinforced with 
ordinary steel at 20,000 p. s. i. 

“There is, however, a marked increase in ultimate strength when the special steel 
is used in place of ordinary mild steel bar. At 27,000 p. s. i. the factor of safety for 
the special steel was 2.67, whilst for the ordinary mild steel the factor of safety at 
18,000 p. s. i. was 2.33.” 

“A¢ 27,000 p. s. i. the maximum recorded crack width was about 5 x 10-3 inches 
at the concrete surface as compared with 3 x 10-* inches at a stress of 20,000 p. s. iy 

The behavior of the Isteg steel, as far as deflection, width of cracks, 
and ultimate strength are concerned, is similar to that which would be 
expected with the use of high yield-point steel of the ordinary kind. 

D. E. Parsons* (Washington, D. C., by letter): The author has per- 
formed a useful service in placing before American engineers a con- 
venient source of information on the properties of Isteg steel and its 
value as reinforcement for concrete. If the primary purposes of the 
investigation and the paper were to present comparisons of the relative 
commercial values for European practice of different forms of rein- 
forcement, the emphasis which the author places upon his estimates of 
efficiencies is partially justified by the data presented. Indeed the 
data appear to explain fully the wide interest abroad in the com- 
mercial utility of Isteg steel. However, values given for the relative 
efficiencies of Isteg steel and other forms of structural grade bars are 
not directly applicable to conditions in this country, because bars of 
structural grade steel rarely are used here as reinforcement. 

Moreover, in interpreting the results of the tests of beams the 
author apparently overlooked existing information on the effect of 
amount of reinforcement on the strength of beams and on the com- 
pressive strength of concrete in flexure. The values given in the last 
column of Table 3 agree with data from other tests in that the factors 
of safety for beams which failed by yielding of the tensile reinforcement 
tend to become smaller as the percentage of reinforcement is increased. 
Higher factors of safety and “superior margin of ultimate strength” 
for beams with Isteg steel, noted by the author (pp. 187 and 188), 
would be expected, therefore, because of differences in the amount of 
reinforcement in the beams, and should not be credited solely to un- 
usual properties of Isteg steel. The finding of observed and computed 


*National Bureau of Standards. ‘ 
hiceieats and Stresses in Slabs, by Westergaard and Slater, Proceedings, Amer. Concrete Inst., 


Vol. 17, p. 415, 1921. See especially Fig. 36. 
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stresses in the concrete which exceeded the compressive strength of 
concrete cylinders, as discussed on pp. 188, 189 and 191, also is not 
unusual but is common for beams which fail in compression and hence 
cannot be attributed to a peculiar behavior of beams reinforced with 
Isteg steel.” 

When these facts are taken into consideration it becomes apparent 
that the use of higher working stresses in designing the beams with 
Isteg steel accounts, in part at least, for their higher factors of safety 
and the higher ratio of strengths as observed, to those estimated from 
calculations. Although the Isteg steel did not show a definite yield 
point, this property is not peculiar alone to Isteg steel but is exhibited 
by other forms of reinforcement, and it is not obvious from the data 
presented that similar beams reinforced with deformed bars having 
the same yield strength would have shown lower strengths than those 
containing the Isteg steel. 

Despite the inapplicability to American practice of the author’s 
method of estimating efficiencies from the results of tests of beams, it 
is believed that the information presented will prove to be of interest 
and value. The results of the bond tests indicate a stronger bond with 
Isteg steel than with the single bars and the observations on the 
distribution and size of tensile cracks in the beams seem to support 
those indications. These data indicate that Isteg steel may have ad- 
vantage over other forms in this respect. 


AUTHOR’S CLOSURE 


As pointed out in the discussions, the behavior of concrete beams 
reinforced with Isteg bars can be but little superior to that of beams 
reinforced with other bars of equal yield strength, provided other 
essential characteristics associated with Isteg are also matched. With 
increased working stresses and decreased sectional areas of tensile steel, 
however, bond stresses rise. It is in this connection that Isteg bars 
offer additional superiority. By reason of their form and size, Isteg 
bars have a superior bond strength which more than compensates for 
the increased unit stresses at which they may be used. This is evident 
from the fact that two round bars with a combined sectional area equal 
to only two-thirds of a single round bar have 15 per cent more bonding 
area, and consequently at least 15 per cent more bond resistance. 
This relation is based on at least equal unit bond strengths for Isteg 
and ordinary round rods which, as the table in the discussion of Mr. 


2Compressive Strength of Concrete in Flexure, by Slater and Zipprodt, Proceedi Amer. 
Inst, Vol. 16, P,120, 1920. ki Pe Arete Dee 
ompressive Strength of Concrete in Flexure as Determined from Tests of Reinforced Be 
Slater and Lyse, Proceedings, Amer. Concrete Inst., Vol. 26, p. 831, 1930. ames DY 
These papers, together with discussions, give an excellent description of the behavior of concrete 
beams which fail in bending. 
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Fig. 1—STRESS-STRAIN CURVES 


Friberg indicates, was generously substantiated by the Columbia 
University tests even if these test results are applied without corrective 
selection. 

The bond tests made at Columbia University were such as to handi- 
cap the Isteg bars. The specimens were of the pull-out type and the 
bars were gripped about 15 in. from the face of the concrete. This 
arrangement subjected the bond to the combined effects of pull and 
twist. For this reason, only the tests on Group I are valid, and the 
tests on the larger sizes should be discarded. Subsequent comparative 
tests made in England in which the bars were either gripped close to 
the concrete or else totally enclosed in concrete beams gave for Isteg 
bars bond strengths of such high values that the omission of hooks has 
been officially authorized when Isteg bars are used. 

In the recent English bond tests, % in. ¢ plain bars, with hooks, im- 
bedded as reinforcement in concrete beams showed first slip (.005 in.) 
at a bond strength of only 210 p. s. i., and the bond failed completely 
when the tension stress in the steel was only 38,000 p. s. i., but 4% in. o¢ 
Isteg steel without hooks in similar concrete beams under load showed 
no slip at all when the bond stress was 255 p. 8. i. and the tension stress 
in the steel was 69,000 p. s. i. In pull-out tests on 14 in. o¢ Isteg bars, 
the bars broke at 71,000 p. s. i. without any slip, the bond stress de- 
veloped being 587 p. s. i. In terms of bond strength per square inch 
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Fig. 2—IsTgEG STEEL 


of surface area, the Isteg bars showed a superiority of 180 per cent in 
pull-out tests; and a superiority of 21 per cent was retained in beam 
tests when the Isteg bars were without hooks and the plain bars were 
provided with hooks at the ends. In terms of tension stress in the steel 
at first slip (or without slip), the Isteg bars showed a bonding super- 
iority of 86 per cent, which was reduced to 81 per cent when the Isteg 
bars alone were handicapped by the omission of hooks. 


Comparative tests conducted in 1935 for the London County 
Council, on floor panels reinforced respectively with Isteg bars at 
27,000 p. s. i. and plain structural grade bars at 18,000 p. s. i., showed 
no cracks visible in the plaster under either panel at full load. The 
panels were 131% ft. square. The maximum panel deflection under full 
load after 24 hours was 0.048 in. for the panel with plain reinforcing 
and practically the same value, 0.049 in. for the panel with Isteg 
reinforcing. After removal of the load, neither floor showed permanent 
deflection to any practical extent. 


Referring to Fig. 1 presented by Mr. Friberg, a comparison of slopes 
of straight lines from the origin drawn respectively through the plotted 
points representing the Columbia University tests on Isteg steel and 
through the plotted points representing Professor Mylrea’s tests on 
high yield strength steel of conventional form, will reveal that, contrary 
to Mr. Friberg’s statement, the Isteg steel produces a greater relative 
delay of concrete beam failure or a greater percentage margin of actual 
beam strength over theoretical strength. 


May-June 1936 Isteg Steel for Concrete Reinforcement 703 


Reference has been made in the discussions to the fact that beams 
with low percentage of tensile steel have relatively higher factors of 
safety. The reason is apparent when the behavior of a beam tested to 
destruction is noted. As load is progressively applied, the steel stress 
rises to its yield strength and then its rate of rise is arrested. The unit 
compressive stress in the concrete, however, continues to rise with 
increase of load. Consequently, the neutral axis rises, and the com- 
pression in the concrete is concentrated in a decreasing area until the 
ultimate strength of the concrete is reached. The rise of the neutral 
axis increases the effective value of the lever arm j, and this gives the 
extra margin of actual strength over the computed value. With a 
larger percentage of reinforcement, the ultimate strength of the con- 
crete is reached at a lower position of the neutral axis. The increase in 
effective value of j above the value as conventionally calculated is 
therefore less and the margin of strength of the beam over the com- 
puted value is less. It is interesting to note that, in the Columbia 
University tests, the maximum extreme fibre stresses observed in the 
concrete beams in all cases checked the cylinder strengths very closely. 
It is the ultimate loads or calculated stresses at failure that materially 
exceeded the theoretical values in the beams with Isteg reinforcement, 
giving such beams a greater relative strength than indicated by con- 
ventional theory. 

The fundamental thesis of this paper is that a beam reinforced with 
Isteg bars at a working stress of 27,000 p. s. i., together with a 15 per 
cent increase in concrete design stress, has a higher margin of strength 
and safety than a comparable beam reinforced with ordinary structural 
grade bars at 18,000 p. s. i., and the usual concrete design stress. This 
has been demonstrated. None of the discussions contradicts this 
conclusion. 

The corresponding conclusion remains valid also for Isteg bars made 
of intermediate grade steel. When these are used, the design stress in 

the steel may be correspondingly increased from 20,000 to 30,000 p. s. i. 
In any case, when Isteg reinforcement of either structural grade or 
intermediate grade is used, the steel stress may be increased 50 per 
cent and the concrete stress may be increased 15 per cent, without re- 
ducing the value of n, and still yield reinforced concrete beams of 
greater strength and safety than beams with the conventional re- 
inforcing. 


Discussion of a paper by J. R. Shank: 


“Ti MeEcHANICS oF PLastic FLrow or CoNcRETE’’* 


B. Fridensont (Moscow, USSR, by letter): It gave me great pleasure 
to read the paper by Prof. Shank relative to the phenomenon of plastic 
flow. In the field of design, his work is no doubt a great step forward. 
I would however like to point out that in his conclusions there appears 
a rather doubtful point. 

In a reinforced concrete column under the influence of continuous 
increment of deformation in the concrete due to its plastic flow, a 
continuous redistribution of stresses between the concrete and steel is 
constantly taking place. 

The strain in concrete being composed of the initial loading strain 
and the strain due to plastic flow. 

The experiments brought out the fact that the plastic flow is pro- 
portional to the stress, and in view of that in a reinforced concrete 
column plastic flow is taking place under changing conditions of 
stressing. 

Mathematically expressed as follows: 


hoe t df’. 
Oe a mmatiey A (EERO erika Bp Re oo bes os 1 
om + Ket (t) (1) 
In this expression: 
e = strain in concrete for the time ¢ 
foc = initial stress in concrete 
E.. = modulus of elasticity of concrete under instantaneous loading 


d 
E’, = effective modulus of elasticity of concrete, equal to ae 


df. = increment in stresses of concrete due to the infinitly small period of time 
dt that elapsed. 
¢t = time under which column is loaded 


The stress f, = HE’, . e and 


0 E’, de 
df, = : —. B’ | dt 
fe ee ort | a 


Substituting in the expression (1) we have: 


_ foe v lla a6 
¢ ia Pe crea Son ees (2) 


*JourNAL, Amer. Concrete Inst., Nov.-Dec. 1935, Proceedings, Vol. 32, p. 149. 
yAssociate Professor of the Institute of Railway Engineering, Moscow. 
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We would easily be able to solve the differential equation (2) if we 
knew the law of change of H’, and e depending on the time ¢ due to the 
changing stress. 

Unfortunately neither the formula of Professor Shank nor the 
formula of Thomas give this factor. From this follows that the formula 
advanced by Professor Shank is subject to doubt. Even if we in- 
troduce the changing modulus of elasticity M.. it does not change the 
circumstances, because Shank’s formula Y = Cavx can be accepted 
only under the conditions of permanent stress. 


H. J. Gilkeyt and George C. Ernstt (Ames, Ia., by letter): This paper 
and its companion publication %)* supply such an admirable sum- 
mary of the work done on plastic flow that the writers cannot resist 
the temptation to round out the record by appending certain other 
data not then available to the author. In fact, some of the more 
recent work is still in progress, and some of the data already obtained 
have not been analyzed fully. No striking differences in findings have 
been noted either in the data or in the interpretation of them, and 
definite support has been found for several of the author’s statements 
as based upon his own observations or on citations from the work of 


others. — 


+Professor and Head of Dept. of Theoretical and Applied Mechanics, Iowa State College, Ames, Iowa. 

+{Instructor in T. & A. M. and Junior Materials Engineer in the Engineering Experiment Station, 
Iowa State College. ; 5 ‘ 

*Numbers 1-30 inclusive refer to references cited by the author (p. 178) of his paper. Number 31 
and upward supplement the author’s bibliography and are appended at the end of this discussion. The 
numbering of tables and figures is also made consecutive with the numbering used by the author. 
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Fic. 12--APPLYING LOAD TO A 4 X 14-IN. SPECIMEN FOR 
COMPRESSIVE SUSTAINED LOADING TESTS 
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In August 1928, Dr. Frederik Vogt* who was then in this country in 
the employ of the U. S. Bureau of Reclamation, and H. J. Gilkey 
undertook a series of sustained loading tests on small plain concrete 
(virtually mortar) specimens subjected to compression, to flexure and 
to tension. The results of these tests have not been published fully, 
but summaries of some of the compressive and flexural flow data are 
available ®). 

COMPRESSIVE SUSTAINED LOADING TESTS 

The compressive flow tests were patterned after those of Davis lle 
12, 18, 4) which were then already under. way. The specimens were 4 
by 14-in. cylinders, being cast in molds borrowed from Professor Davis. 
Partial results are recorded in Table 5 as a continuation of the author’s 
Table 1. : 

All the specimens, of whatever sort, were cast from identical batches 
and of the proportions and materials described in Table 5. The 
ageregate was crushed granite screenings from Stevenson Creek, 
California, the maximum size being 34 in. The mean ultimate strengths 
and moduli of elasticity of standard cured specimens tested in the usual 
manner are given in Table 6. No torsional sustained loading tests 
were made. Values for the properties of specimens subjected to other 
than standard curing that can serve as strength controls for specimens 
loaded in air are available @) ©), 

The values for the modulus of elasticity at loading in Table 5 are 
lower than the compressive value of Table 6. More time and jarring 
were involved in placing the sustained loads on the specimens than in 
a straight-forward compressive test which resulted in somewhat higher 
initial deformations. In other words, the values of Table 5 probably 
include some of the early time-yield. 


TABLE 6—PROPERTIES OF THE GILKEY-VOGT CONCRETE 
(All specimens standard cured by immersion) 
See reference 31, p. 434, 461, 476, 502, 503, 504 


- Strength (p. s. i.) Mod. Elast. (millions p. s. i.) 
ge ee % _ 
Compr. | Flexure | Tension! | Torsion! | Compr. | Flexure | Tension! | Torsion! 
7 days 1780 401 234 284 1.83 2.67 2. 10 0.97 
28 days 3200 570 275 413 2.69 2.91 2.65 0.99 
3 mo. 4250 652 329 447 { 2.91 3.80 3.20 1.33 
Lyr: 4850 631 333 504 3.32 3.03 3.05 1.58 


1The data from tensile and torsional tests serve to supply additional information about the mixture 
used. The tensile flow tests were considered too few for generalization and were not published. (31 
p. 509). Tensile flow tests are especially difficult because of the very limited stress (and strain) avail- 
able prior to rupture. Torsional flow data could doubtless have been secured rather easily, but no 
effort was made to obtain them. : 


On Fig. 11 and in Table 5, the values of the constants appear to fall 
in line with those from others of the tests cited, except that the im- 
mersed specimens (No. 120 and 121) ceased to flow altogether after a 


*Professor of Mechanics, Norges Tekniske Hoiskole, Trondhjem, Norway. 
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short time, giving horizontal lines on Fig. 11 and infinite values for 
“‘a” in Table 5. These indications are not entirely in agreement with 
the author’s findings as summarized near the bottom of page 161 and 
in Table 3, although the difference is one of degree rather than kind. 

Compressive flow specimens were loaded and unloaded in a testing 
machine after the manner of Davis, as shown in Fig. 12. A 3-rod cage, 
such as Davis used, would have given more leeway for taking the 
strain gage readings along the three longitudinal gage lines 120 degrees 
apart, and would have been preferable to the 4-rod cages that were 
used. The arrangement shown was satisfactory however. 


FLEXURAL SUSTAINED LOADING TESTS ON SMALL PLAIN CONCRETE BEAMS 


So far as known the tests of Fig. 13 represent the first and virtually 
the only recorded venture into the realm of plain concrete flexural tests 
of this kind @), As noted on the figure these beams were small 3 by 3 
by 40-in. bars cast from the same batches as were the 4 by 14-in. 
compressive test specimens of Table 5 and Fig. 11 and 12. 

More recently the writers cast and loaded two 3 by 6-in. by 10-ft. 
plain concrete beams which failed after two weeks at 50 per cent of the 
modulus of rupture of companion beams. The loading arrangement 
was such that the failure of one beam produced sufficient impact to 
bring failure to the other. These beams are reported as Beams No. 27 
and 29. (33 Table 5.) 

Referring again to Fig. 13, one may note that the beams loaded in 
water parallel the compressive specimens that were kept immersed 
under load. Unfortunately instrumental difficulties necessitated the 
discontinuance of the underwater tests after two weeks for Beams No. 
6 and 7 and after a month and a half for beams 9 and 11. 

Upon release of load there was a recovery roughly equal to the initial 
or elastic deflection with some slow additional recovery for a few 
succeeding days. Recoverance was not measured on the four immersed 
beams. 

One should note that all of the Fig. 13 beams loaded in air were moist 
cured up to time of loading and that shrinkage was also occurring 
especially during the first few weeks under the load. Just how such 
shrinkage might have influenced deflections, no effort is made to say. 
The deflections as plotted do not include any attempt to correct for 
possible effect of shrinkage from drying out. 


FLEXURAL SUSTAINED LOADING TESTS ON REINFORCED CONCRETE BEAMS 


Rather complete data on twenty 3 by 6-in. by 10-ft. beams reinforced 
with varying amounts of steel and subjected to a wide range of steel 
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and concrete stresses are reported in “) which was published several 
months after the author’s paper. For the most part the findings are 
in good agreement with those of Professor Shank. Since the results 
are readily available “) only a few of the more striking indications will 
be mentioned. 

1. The flow of concrete under load in dry air is two or more times 
as great as that for concrete that is kept wet during the loaded period. 
This was true for both compression and flexure and apparently so for 
tension. Flow under water appears virtually to cease after a short time. 

2. The Straub equation as originally proposed for compressive flow 
is only valid for a limited period as was pointed out by Vogt and 
Gilkey @® and which has been further substantiated by the author. 

3. For reinforced concrete beams loaded in air (even after months of 
air drying prior to loading) the shrinkage from continued drying is 
intimately related to the flow distortion because of the warping that 
results from the restraint of the reinforcing steel near one face, and no 
restraint near the other face. Warping was clearly shown for unloaded 
control beams containing off-center longitudinal bars. 

4. For unreinforced concrete subjected to sustained flexural load, 
the writers are not prepared to state whether or not shrinkage effects 
the amount of flow deflection. Shrinkage was present in the plain 
concrete beams tested. 

5. Shrinkage from drying out is intimately related to atmospheric 
humidity. The plastic flow of reinforced concrete beams slows down 
and even seems to cease altogether during periods of increased hu- 
midity (say 50 to 70 per cent), as during the summer months, only to 
be resumed when the humidity drops from turning on artificial heat 
or other cause. 

6. There is a recovery approximately equal to the elastic portion 
of the strain upon the removal of load. This occurs at once. There 
appears to be a slight additional recovery that extends over a period 
of several days. 

These are but a few of the findings that appear to be more or less 
common to the two investigations. 
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Discussion of paper by R. E. Copeland: 


“Toap PERFORMANCE TESTS OF PRECAST JOIST- 


W. K. Hatt (Purdue University, by letter): The Laboratory for Test- 
ing Materials of Purdue University has been attempting to develop a 
light precast joist for small house construction. 
8-inch joist designed by Mr. Copeland a comparison was made of two 


PRECAST SLAB FLOOR CONSTRUCTION 


of these joists: 
1. A joist with steel bonded to the concrete. 


*JouRNAL, Amer. Concrete Inst., Nov.-Dec. 1935, Proceedings, this Vol., p. 195. 


yI% 


Starting with the 


TABLE 1 
(a) 
External Load, (lb. per ft. of length) 
Joist Test i ; 
Measurements | 
0 40 80 160 200 240 
Deflection at = = ata aie va ae 
Mid-span (Inches) 0.129} 0.055} 0.005} 0.132! 0.197) 0.350 
Ten. | Com. | Com. 
2,760| 1,000} 4,900) 13,200) 17,400) 22,400] Top of Beam 
fa, p.s. 1. = 
Prestressed ; Ten. | Ten. | Ten. 
11,700] 13,500] 15,200] 18,800} 20,600! 27,900] Bottom of Beam 
Ten. | Ten. | Com. | Com. | Com. | Com. 
J . 345 6 240 900] 1,250] 1,975] Top of Beam 
c, p. 8.1. — — 
Com. | Com. | Com. | Ten. | Ten. 
905 610 325 275 560| Crack | Bottom of Beam 
Deflection at + - + + + 
Mid-span (Inches) | ——— | 0.080} 0.155; 0.307} 0.383] 0.460 ——— 
Com. ie 
F —— | 4,800] 8,700} 16,400] 19,700] 22,900) Top of Beam 
s p.S.1 ie |S oS ee | eee 
Conventional Ten. 
—— | 3,400| 7,800] 17,400] 22,000] 26,600] Bottom of Beam 
Com | iS 
—— 465 875| 1,625) 1,970] 2,300) Top of Beam 
Yop ised ah = - — 
Ten. | 
—— 340! Crack | — Bottom of Beam 


Maximum allowable deflection = 


Load required for 0.366” deflection 


= {Prestressed Joist 


\Conventional Joist = 


(712) 


0.366 inches 


= 245 lb./ft. of length 


190 lb. /ft. of length 


— a 
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(ec) 


Precast Joist-Precast Slab Floors 
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Load— 


Mid-span 


fe (Ib. /sq. in.) 


fo (Ib. /sq. in.) 


lb. per ft. | Deflection Bottom Bottom 
Of Length | (Inches) | Top of of Top of of 
Beam Beam Beam Beam 
First Tension + 18,190 | 21,050 1,352 652 
Crack in Concrete 212 0.211 Comp. Ten. Comp. Ten. 
Prestressed = 
; ae 
Failure 667 2.32 — 
First Tension + 7,480 | 6,280 729 639 
> Crack in Concrete 67 0.126 Comp. Ten. Comp. Ten. 
Conventional - ——- - 
+ | 30,800 | 38,850 | 3,119 
Failure 340 0.649 Comp. — 


Comp. Ten. 


2. A joist in which the steel was prestressed in tension without 
bond with result that the concrete on the lower face of the joist 
was prestressed in compression. 


Fig. 1 shows the design of the two joists. For the purpose of the 
comparison stirrups were omitted. Table 1 states the observations 


during the test. 


The following comparisons result: 


Length of tested span—l11 ft. 
Loading—third point. 


Cement—tensile strength at 28 days—445 p. s. i. 


Concrete—Haydite aggregate, 1:2% mix. 
Compressive strength—6,520 p. s. i., 28 days. 


Ec—2,267,900 p. s. 1. 


Weight J oist—15)% lb. per foot run. 
Weight Concrete—97 lb. per cu. ft. 
Age of Joist at time of Test—44 days (28 days moist curing). 


7 "3x5, steel bearing plate. 


12-0" 


WES 


or 3 x 8 x 12’ 0" HAYDITESJOIST 
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Test Results 


Bonded Steel Joist 


Prestressed Joist 


| a 
Zero Load 200 Ibs. ft. run 


f 
Zero Load | 200 Ibs. ft. run 
Steel f. Top —— 19,700 comp. 2,760 ten. 17,400 comp. 
ottom — 22,000 ten. 11,700 ten. 20,600 ten. 
Concrete fe 
Top Joist — 1,970 top 345 ten. top 1,250 comp. 
Bott..Joist —— Cracked bottom 905 comp. bottom 560 ten. 


Load Ibs. per ft. run at 


first tension crack 67 212 
at failure 340 667 
Tensile stress at first 
crack in concrete 
Bottom 639-t 652-4 
Top 729-c¢ 1,352-c 
in steel 
Bottom | 6,280-t =) 215050-7 
Top | 7 ,A80-c 18,190—c 
Deflection Span + 360! as 
= a = 0.366" 
at first crack 190 245 


Tbs. per ft. run 


“TENTATIVE STANDARD SPECIFICATIONS FOR THE DESIGN 


AND CONSTRUCTION OF REINFORCED CONCRETE CHIMNEYS” 


(A. C. I. 505-36T) 


“Proposed Specifications for the Design and Construction of Rein- 
forced Concrete Chimneys” presented to the Institute by Committee 
505, E. A. Dockstader, Author-Chairman, and published in outline only 
in Vol. 30, p. 367 (March-April 1934, JourNaAL) were adopted unrevised 
as a tentative standard (505-36T) at the Institute’s 32nd Annual 
Convention, Chicago, February 25-27, 1936. Copies of the complete 
report were sent on request to members. * 


*Copies are available for general distribution at $1.25 each. 
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Current Reviews 


of Significant Contributions in Foreign 
and Domestic Publications, prepared by 
the Institute’s corps of Reviewers. 


Moscow subway 

Engineering News-Record, Vol. 116, No. 15, April 9, 1936, p: 515-25. Reviewed by N. M. NewMarkK 
In the first of two articles I. Gutmann describes the structure and construction 

methods of the Moscow Subway, and in the second article C. N. Pinco describes the 

stations and equipment. Seven miles of subway have been finished, requiring 3 

million cu. yds. of excavation and over a million cu. yds. of concrete. 


Past and present in asbestos cement production 

E. Lecuner, Zement, Vol. 25, No. 7, Feb. 13, 1936. Reviewed by Ines Lyss. 
The cement products industry has only recently become familiar with the method 

of production used in the so-called asbestos cement products. This article describes 

the difficulties encountered in producing the best results and gives advice as to the 

proper procedure. Special attention is given to the cement pipe production because 

of its extensive use of asbestos. Different patented procedures are discussed. 


Strengths of asbestos cement 
GERHART RosENBAUM, Zement, Vol. 25, No. 17, April 23, 1936, p. 292. Reviewed by Inean LysE. 
The expansion of the asbestos cement field from roofing material to more general 
use in cement products developed need for more information. The type of asbestos 
used was found to affect the strength of the cement to a considerable extent. The 
effect. of the pressure used in the production was also found to be appreciable. Ad- 
dition of powdered limestone, graphite, slate and talcum decreased the strength as 
did pigments for the colored products. 


Light weight concrete construction in Berlin during 1935 
F. K. Srmon, Zement, Vol. 25, No. 8 and 9, Feb. 20 and 27, 1936. Reviewed by Inew Lysx. 
Last year an intensive building construction was carried out in Berlin, partly be- 
cause of government sponsorship. In the construction of individual homes light 
weight concrete was used extensively and also in group and apartment houses. This 
article presents a well illustrated review of the type of construction employed, as well 
as drawings for the different types of houses. Anyone interested in concrete house 
construction will find the article worthy of a thorough study. 


Two-way reinforced concrete slabs partially loaded 
L. Susspnpere@er, Beton und Eisen, Vol. 35, No. 3, Feb. 5, 1936, p. 45. Reviewed by Ines Lysu. 
The author presents a theoretical analysis of freely supported, as well as partly 
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and fully fixed two-way slabs, loaded uniformly over portions of the slab area. Both 
symmetrical and non-symmetrical loading conditions are considered and final for- 
mulas are presented both for maximum moments and center deflections. Examples 
of design are also shown for the various conditions. Although admittedly approxi- 
mate solutions, the author maintains that the results agree fairly well with more 
accurate methods of analysis for the more common cases of design. 


Construction view points on vibrated concrete 


R. B. Wiis (Engineer of Construction, State Highway Commission of Kansas). Highway Research 
Board (Dee. 1935). Reviewed by Vernr W. McCown. 


Data for this paper were obtained from personal observation and study in the 
field and from reports submitted by various project engineers on construction work. 
The study includes internal vibrators on structures and vibrators on six pavement 
projects, covering work with mixed aggregates and coarse aggregates as used in 
highway construction in Kansas. 

Generally, vibrators were entirely satisfactory, as the vibrated concrete had 
strength comparable with non-vibrated concrete having a greater cement content. 


Through concrete trusses, 170 ft. long, used on low-cost high- 
way bridge 


W. E. Berry anp Gro. Runcmman, Engineering News-Record, Vol. 116, No. 1, Jan. 2, 1936, p. 1-4. 
Reviewed by N. M. Newmark. 


The main span of the McMillin Bridge near Tacoma, Wash., is a reinforced con- 
crete truss of 170 ft. span with a 22 ft. roadway. The contract price for the construc- 
tion of the bridge was $36,000 which was cheaper than bids received for an alternate 
steel design with a 24 ft. roadway. The bridge was designed for H-15 loading with 
30 per cent impact on floor slabs and 16 per cent on trusses. Details of the con- 
struction of the bridge are reported in the article. 


Engineering applied to low-cost homes 
Engineering News-Record, Vol. 116, No. 10, March 5, 1936, p. 349-54. Reviewed by N. M. Newmark. 
Two examples are given of modern residence building in concrete. At Rochester, 
New York, a group of 43 single-family six-room houses with reinforced-concrete frame 
and floor slabs is being built at a total cost per house of $5,900, including land, grading, 
walks, streets, and utility installations. Features of the design and the construction 
methods making possible this low-cost are described. 
The construction of a monolithic concrete house at New Orleans is described by 
D. 8. MacBride in the second of the two articles. Particular attention was paid to 
form design and the methods used permitted a considerable saving. 


Mohr’s failure curve for concrete 
Ernst Brop, Beton und Eisen, Vol. 35, No. 6, March 20, 1936, p. 104. Reviewed by Inen LysE. 
A review of the different experimental investigations of failure of concrete as com~- 
pared with the Mohr curve. The French experiments by Considere as well as those 
by Caquot and Brice are discussed, as also are German experiments by Karman, 
Bocker and Ross, and American by Richart and Brandzaeg. As a conclusion, the 
author states that the French and American results were somewhat at variance, and 
since the French results agreed better with the Mohr’s curve they are considered 
more important. 
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High strength materials in reinforced concrete beams 
Fritz von Empercer, Beton und Bisen, Vol. 35, No. 4, Feb. 20, 1936, p. 60 Reviewed by Ince Lysz. 
This discussion of high working stresses in reinforced concrete beams points out 
that experimental investigations have shown that with tension cracks in the concrete 
as wide as 0.3 mm. (about 1/100 in.) there has been no evidence of corrosion of the 
reinforcement. Attention is also called to the general requirement that when high 
yield-point steel with its corresponding high working stresses is used, a high strength 
concrete is also stipulated. Test results showing that the grade of concrete has little 
effect upon the strength of beams reinforced in accordance with general practice are 
presented as evidence of the fact that the yield-point strength of the reinforcement 
is the criterion of strength. 


Effect of space framing in reinforced concrete construction 
A. Scuprenziss, Beton und Hisen, Vol. 35, No. 7, April 5, 1936, p. 121. Reviewed by Ince Lysz. 
The realization of the continuity effect in reinforced concrete construction has 
recently brought forth numerous studies of the effect of torsional end rigidity on the 
bending moments of beams. In framed structures where beams are constructed 
monolithically with beams and girders, a considerable torsional moment may result 
from the bending of beams. The author attempts to analyze some particular prob- 
lems to show that this framing effect may be significant in the design of reinforced 
concrete construction. Modern design requires more and more refinement in analysis 
and this article is a valuable contribution insofar as it calls attention to a field worthy 
of serious consideration. 


Tests on fast and slow cooling of clinker 
O. ScuwacuueEIn, Zement, Vol. 25, No. 17, April 23, 1936, p. 291. Reviewed by Incr Lys. 
A brief report of an investigation of the effect of fast and slow cooling of the clinker 
on the strength and chemical composition of the cement. The results showed that 
higher strengths at early ages were obtained both in tension and compression when 
fast cooling of the clinker was used. The difference, however, decreased with age at 
test so that at 28 days of combined curing the strengths were approximately equal. 
The fast cooling of clinker showed slightly higher trisilicate content than did the slow 
cooling and the specific gravities were 3.156 and 3.235 respectively. It is pointed out 
that the cooling of clinker is of small importance for the industries. The loss of heat 
with rapid cooling offsets the advantages gained in higher strength and easier grinding. 


Designing concrete girder bridges for continuity 


ALFRED Brnescu AND CHARLES E. Morean, Engineering News-Record, Vol. 116, No. 17, April 23, 
1936, p. 604-6. Reviewed by N. M. Newmark. 


The continuous concrete girder bridge crossing the Kankakee River near Wil- 
mington, Ill., is described in this article. The bridge was designed and constructed 
by the Illinois division of highways and consists of three units of four continuous 
83-ft. spans, totalling 1000 ft. in overall length, with a 44-ft. roadway and two 5-ft. 
sidewalks. The design was made for H-15 live loading with working stresses of 1200 
p. s. i. in concrete and 18,000 p. s. i. in the reinforcing steel. Cylinder strengths at 
28 days were about 5,000 p. s. i. The cost of the bridge was $189,000. <A brief dis- 
cussion of the methods and formulas used in the design of the continuous girders is 
included in the article. 


Concrete proportioning 

R. DANTINNE AND R. Jacquemin, University of Liege, Bulletin No. 22. Reviewed by R. L. Brrtin. 
The paper treats of concrete proportioning from the standpoint of the most rational 

and economical use of the binder. The authors discuss the various factors having an 
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influence on the quality of the finished product. They bring out in particular the 
disadvantages of using an excess of fines in the aggregate mixture. For ordinary 
concrete, economy lies in the judicious use of available materials of good quality. A 
practical and rapid method of proportioning, based on the use of the Fuller-Bolomey 
curves, combined with Abrams’ fineness modulus is given and applied to actual 
examples. Another example dealing with a very high quality concrete and high 
density shows the weaknesses of methods of proportioning based on granulometric 
curves, or by the fineness modulus, for such concrete. 


So; content in portland cement clinker 
G. Mussenune,Zement, Vol. 25, No. 15 and 16, April 9 and 16, 1936. Reviewed by Incr Lyss. 
This paper presents a discussion of the SO; contents in the different raw materials 
for cement and their effect upon the chemical composition of the clinker. These are 
among the findings of the author: Contents of more than two per cent have no detri- 
mental effect upon the qualities ot the cement, but the lime content of the clinker is 
generally lowered. The SO; content decreases in direct proportion to the increase in 
temperature in the kiln. For the type of clinker investigated, the time of set could be 
regulated by the SO; content; for a content of 1.8 per cent or more the cement was 
slow setting. The SO: content as with gypsum has a beneficial effect upon the volu- 
metric behavior while for strength properties gypsum and SO: do not act the same. 
The heat of hydration is only slightly affected by the SOs content. 


Pickwick landing concrete plant 


Hersert F. Govan, Engineering News-Record, Vol. 116, No. 16, April 16, 1936, p. 552-4. 
Reviewed by N. M. NEwMARK. 


The Tennessee Valley Authority’s Pickwick Landing Dam is an earth dam the 
major part of which will be constructed by the hydraulic-fill method. The concrete 
spillway, powerhouse, and lock structures required an extensive plant for aggregate 
handling and concrete mixing. A description of this plant, which is now placing 
concrete at the rate of 144 cu. yd. per hour, is contained in this article. Concrete 
aggregates are moved from barges to stockpile and from there to the mixing plant 
by belt conveyors. Cement is stored in a 6,000-bbl. elevated steel silo by pump. 
Three 2-yd. mixers are used in the mixing plant. Batching and mixing are controlled 
by electric-light signal systems. A detailed explanation of the various ways of de- 
livering the concrete to the forms is also included in the article. 


Compressive strength, impact and wear of concrete 
A. GurrMANN AND K. SurpeL, Zement, Vol. 25, No. 14, April 2, 1936, p. 233. Reviewed by Iver Lysx. 
This report from the research laboratory of the association of Eisen portland ce- 
ment manufacturers presents the results of an investigation of the qualities of con- 
crete. Among interesting results should be mentioned the indication of increase in 
impact value with increase in compressive strength. Crushed stone concrete gave 
higher impact values than did gravel concrete of equal cement content and gradation 
of aggregate, although the compressive strengths were essentially the same. The 
wear resistance of gravel concrete increased also with the increase in compressive 
strength. For the type of crushed stone used, the wear resistance was less than for 
gravel concrete. The effect of the type of the cement was similar for all three tests, 
that is, a cement giving high strength will also give high resistance to impact and 


wear. 
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Plastic mortar tests for highway cement 
Orro Grar, Zement, Vol. 25, No. 7, Feb. 13, 1936. Reviewed by IneE Lysez- 
To develop a dependable test method, an investigation was made of a number of 
factors which might affect the results, including construction and preparation of the 
forms for the specimens, amount of water for equal consistency and variation in 
consistency for equal water content, method of placing the mortar in the form, type 
of dry curing, effect of size of compressed area on strength results, variation between 
individual results at the same laboratory, and between different laboratories and the 
correlation between the mortar strength and concrete strength. Each factor has 
been analyzed carefully and the conclusions with substantiating data are given. 
Without going into the details of Professor Graf’s conclusions, it should be pointed 
out that the plastic mortar tests are found superior to the standard tension tests for 
determination of the quality of the concrete. 


The old n-method and the new n-free method of designing 
reinforced concrete beams x 
Franz Grepaurr, Beton und Eisen, Vol. 35, No. 2, Jan. 20, 1936, p. 29. Reviewed by InGcE Lyse. 
This thorough discussion of the many different-proposals for the elimination of the 
so-called n-method of designing reinforced concrete beams is a timely contribution to 
modern ideas. At first considerable space is devoted to the basis and the practical 
limitations of the orthodox reinforced concrete design in which the value n is defined 
as the moduli ratio. Next a review is presented of the various substitutes proposed 
in recent years for the elimination of n. The proposals by Stiissi (1932), Steuermann 
(1933), Saliger (1933), Gebauer (1934), Saliger (1935) and Bittner (1935) are dis- 
cussed at length. All these new proposals have the one common basis that the 
compressive strength of the concrete and the yield-point strength of the reinforce- 
ment are the criterions for design, otherwise the proposals are at considerable variance. 


Vibrating pan-type finishing machine for concrete pavements 


F. V. Reacev anp T. F, Wiuuis (Missouri State Highway Department). Highway Research Board 
(Dec. 1935). Reviewed by VERNE W. McCown. 


For the purpose of investigating the efficacy of the vibrating pan type of finishing 
machine, one of these machines was used in the construction of 4 miles of 20 foot con- 
crete pavement. Two series of concrete mixtures were used. In one the cement factor 
was kept constant while the ratio of fine to coarse aggregate was varied; in the other 
series the cement factor was varied. Beams, 2 ft. by 5 ft. were removed from the 
pavement, tested for flexural strength and observed for honeycombing, and tested 
for density. One set was then tested for compressive strength and the other set 
subjected to freezing and thawing in an attempt to determine relative durability. 

The results indicate that this type of machine can finish concrete mixtures which 
are much leaner, harsher and drier than mixtures ordinarily considered suitable for 
pavement concrete. 


Thermal properties of concrete construction 


F. B. Row ry, A. B. ALGREN AND Crirrorp Carson, Heating, Piping and Air Conditioning, Jan. 
1936. Reviewed by R. E. CopreLanp. 


This article presents the results of recent tests of various types of concrete masonry 
and monolithic concrete walls. The effect of different factors such as wall thickness, 
air space design, kind of aggregate and supplementary insulating materials is re- 
ported. In general, the thermal conductivity of the concrete varied with its density. 
Plain walls were improved by adding air spaces such as by furring, by using an in- 
sulated type of plaster base, by filling the air spaces with lightweight materials. such 


pil 
—— 
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as granulated cork and rock wool. The heat loss through a cinder block wall was 
reduced about 50 per cent by filling the core spaces with rock wool. This is about the 
same reduction as is obtained with 14-in. plaster on 4-in. rigid insulation board 
furred out on wood strips. Overall heat transmission coefficients are given so that 
the relative efficiency of the different walls and supplementary insulating materials 
may be compared. 


Concrete and the construction of large dams 


M. Rene Martin (Engineer of Ponts et Chaussées), Les Annales des Ponts et Chaussees, Vol. LV, April 
1935. Reviewed by B. MoreEpiu. 


The author discusses construction procedures including selection of the aggregates, 
mixtures, transporting and placing the concrete. He does not touch upon the question 
of characteristics of the cement which is receiving so much attention in America. He 
emphasizes the great importance of “workability” (a word which the French engineers 
have borrowed from America). However, he feels that the utility of vibration, while 
existent, has been over-emphasized in mass work. His argument is not convincing 
and not in accord with American experience. He favors the use of an admixture to 
promote workability; in this case, it is Kieselguhr. He states that the granulo- 
metric composition of the aggregates is of equal importance with the water-cement 
ratio in obtaining good concrete on the job. He states that the usual factors of safety 
in mass concrete design are too large and experience justifies a less conservative 
practice. This article is an interesting summary of French opinion on concrete dam 
construction and is well worth the attention of American engineers. 


New light weight aggregate 
Concrete Bldg. and Concr. Products, Vol. XI, No. 4, April 1936, p. 69-70. Reviewed by J. C. PEarson. 
“Foamed Slag” is the name of a new light weight aggregate recently introduced 
into England. It is made by a patented process of rapidly cooling molten slag, and 
is said to produce an amorphous glassy and highly cellular material, low in sulphur 
content and absorption, but with marked hydraulic properties. The weight per 
cubic foot for various sizes is given as follows: 34 to 4 in., 22 to 24 lb.; 4 to 4 in. 
28 to 30 lb.; % in. to dust, 40 to 43 Ib. The compressive strengths of foamed slag 
concrete (28 days) varies more or less directly with the density from about 350 p. s. i. 
at 65 p. c. f. to 2200 p. s. i. at 105 p. ¢. f. A marked increase in strength is reported 
between 28 and 90 days, which is attributed to puzzolanic action. The principal field 
seems to be in the production of non-load bearing building blocks of good heat- 
insulating quality. Comparative values of thermal conductivity (B. T. U. per sq. ft. 
per hour per deg. F. temperature difference between opposite faces) for two other 
wall types are as follows: Fletton bricks in cement mortar, 0.79; hollow pumice- 
concrete blocks, 0.42; 1:12 mix foamed slag panel rendered (stuccoed) on one face 
and plastered on the other, 0.29. 


Use of vibration in placing pavement concrete—Ohio 


experience 
R. R. Liresisyr (Chief Engineer, Bureau of Tests, Ohio Department of Highways). Highway Re- 
search Board (Dec. 1935). Reviewed by VernE W. McCown. 


A vibratory finisher was used on two experimental projects in 1930 and 1933. Four 
miles were then built under contract in 1935, two miles being finished with a Lakewood 
machine and two miles with a Blaw-Knox. The two finishers gave equally satis- 
factory results. Specifications were changed in some respects from those for the 
regular concrete pavements: forms were required to have a minimum base of 8 in. 
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instead of 6 in.; fine aggregate (by volume) was 28 to 36 per cent instead of 30 to 40; 
slump 1% in. to 1 in. instead of 1 in. to 21% in. 

Data on the relations between vibration, compressive and transverse strength, 
consistency and cement factor are presented. Experience on this contract demon- 
strated that by this vibratory method concrete could be placed with lower water- 
cement ratio and less sand content than by methods in common use, with accompany- 
ing increase in 7-day compressive strength. Test specimens made by the standard 
rodding method were found to be representative of the vibrated concrete. Three 
different brands of cement were used. The strength of concrete containing one of 
these was consistently lower than that containing the other two brands. 


Light weight aggregate produced from slate waste 


E. H. Coreman, Concrete Bldg. and Concrete Products, Vol. 11, No. 3, March 1936, p. 47-50. 
Reviewed by J. C. Pearson. 


When certain kinds of slates are heated to a sufficient temperature, they lose the 
characteristics of slate and expand to many times the original thickness with forma- 
tion of cavities. To perform in this manner, the composition of the slate must permit 
incipient fusion just before the evolution of gases. Slates suitable for light weight 
aggregate should expand from 3 to 7 times the original thickness, from the heat treat- 
ment. The expansion occurs perpendicular to the direction of cleavage, and a nodule 
of the treated slate when broken across shows a mass of small cells separated by glassy 
walls, and an impervious vitrified skin on the outside. In the production of light 
weight aggregate, the slate is crushed to the proper size, and burned in a rotary kiln 
to produce the vitrified nodules. Thus a more impervious aggregate is obtained than 
by crushing large lumps after burning. Nevertheless the crushed aggregate is only 
very slowly pervious to water, days or even weeks being required for light pieces to 
absorb enough water to cause them to sink. The important properties of light weight 
concretes are listed as: lightness, volume stability with change of moisture content, 
freedom from efflorescent salts, protective action on imbedded metals, sawing or 
nailing ability, resistance to passage of heat and sound. The excellence of expanded 


slate concrete is shown by a tabulation of its properties in comparison with those of - 


concretes containing other light weight aggregates. 


Method of computing the resistance of continuous bents and 


frames 


Henri Borpirr, Le Genie Civil, Vol. CVIII, No. 7, Feb. 15, 1936, p. 153-56. 
Reviewed by R. L. Bertin. 


Following an article published in LeGenie Civil of March 15, 1924, page 248, giving 
a general method of solving rectangular frames consisting of beams and columns 
based on the determination of the fixed points of the constituting members, the author 
in his article restates the basic equations for determining the fixed points and develops 
certain simplifications which by means of numerous examples he demonstrates result 
in values very close to the true ones. Many equations are given for the moments at 
the supports and in the midsections for various types of structures and loadings which 
are based on relative stiffness factors and expressions for the type of loading under 
consideration. A graph is given which gives the negative moment coefficients for 
uniformly loaded members for varying values of the right and left fixed points. In 
conclusion, the author states that the methods described in the article are character- 
ized as follows: 

(1) Rapid means of obtaining the fixed points. 

(2) Determination of the support moments for the loaded span by means of well 
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known formulas with simplification through the use of a graph in the case of uniform 
loads. 

(3) Determination of moment propagation. 

(4) In mest cases even when complex, with judicious assumptions simplification 
of the fixed points adjacent to the supports or determination of the maximum positive 
and negative moments without recourse to the fixed points or giving consideration 
to the moment propagation from adjoining spans. 


Studies of the accelerated soundness tests 


Lro V. Garriry (Laboratory Supervisor, Michigan State Highway Laboratory) anp Hrersperr F. 
Kriees, (In Charge, France Stone Co. Laboratories). Highway Research Board (Dec. 1935). 
Reviewed by Verne W. McCown. 


The sodium and magnesium sulfate soundness tests have been accused of unre- 
liability because of difficulties experienced in obtaining check results between several 
laboratories or within one laboratory using the same materials and test methods. 
This condition justifies a critical study of the test technique. Beginning with the 
theory of the test, the authors have given attention to the several steps in the prepara- 
tion of the sulfate solutions and the specimens to be tested, and the care necessary to 
keep the solutions at their proper concentrations. New data are given for the dis- 
solution rates of the hydrous and the anhydrous forms of both sulfates, together with 
a review of the literature dealing with the solubilities of these salts. Crystallographic 
data are also given to aid in the easy identification of the crystal forms which may 
appear under the conditions of the soundness test. Illustrations are given showing 
the observed crystals and thin rates of growth. 

Such factors as time of drying, temperature variations, aggregate containers, etc., 
on the constancy of results are considered, with supporting evidence. Distilled 
water as an immersing fluid is compared with sodium and magnesium sulfates. The 
constancy of check determinations with materials from several sources is shown. The 
interpretation of the present test is discussed and certain changes are recommended. 

The testing of fine and coarse mineral aggregates by the accelerated soundness 
methods is discussed frankly in view of field observations and other established facts. 
Several recommendations are made with the hope of fixing the status of the test. A 
bibliography is appended which includes the most important chemical references as 
well as the researches in the realm of the test engineers. 


Mustapha Breakwater at the Port of Algeria 


M. Pirrre Renaup (Engineer-in-Chief of Ponts et Chaussées, Director of the Port of Algeria), Les 
Annales des Ponts et Chaussees, Vol. IV, April 1935. 


Jetty of Mustapha at the Port of Algiers 


M. Pierre, J. M. Renavp (Engineer in Chief of Ponts et Chaussées, Director of the Port of Algiers), 
Les Annales Des Ponts Et Chaussees, May 1935. Reviewed by B. MorEELL. 


The complete failure of a large section of the Mustapha concrete breakwater in the 
violent storm of February 3, 1934, led to this study of the causes of the failure and 
desirable changes in the design of this type of structure. This breakwater was con- 
sidered the last word in conservative design of the “vertical wall” type. The pre- 
liminary studies were carried out over a period of years and every known precaution 
was taken to prevent failure. In this article, the author describes the characteristics 
of the structure and recounts the story of the failure. In a subsequent article, he 
proposes to discuss: (a) desirable changes in the design, and (b) the practical limits 
governing the use of vertical wall breakwaters and the circumstances under which 
breakwaters with a sloping face are preferable. 

In the second article the author discusses in detail the significance of the positions 
in which the parts of the destroyed breakwater were found after the storm and draws 
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conclusions as to the cause and manner of failure. Soundings were made by mechan- 
ical and electrical methods to determine the positions of the submerged parts of the 
destroyed structure. Measurements were previously made to determine wave 
pressures against the breakwater. These were later confirmed by measurements 
made during the storm. Model tests were made to verify the theoretical calculations 
and measurements made on the actual breakwater. The work included exhaustive 
studies of the-structural and hydrodynamic features of the design. The author lists 
his conclusions in a logical and comprehensive manner. The article is well worth the 
careful study of engineers interested in water-front structures. 


Initial stress in reinforced concrete 
H. Kayspr, Beton und Hisen, Vol. 35, No. 1, Jan. 5, 1936, ‘p. 14. Reviewed by Ince LyseE. 

In this report from the experimental laboratory of the Technical University of 
Darmstadt a detailed description is given of an investigation of shrinkage stresses in 
reinforced concrete structures. The investigation was a study of the effect of length 
of the reinforced concrete member and the percentage of reinforcement on the shrink- 
age stresses. Theoretical consideration has been given to the evaluation of the test 
results and the test data are summarized both with respect to total shrinkage and 
resulting stresses in steel and concrete. The outstanding results were: 

1. The initial (shrinkage) stress in the reinforcement was greater for long speci- 
mens than for short, and greater for low percentage of reinforcement than for high 
percentage. For long specimens with low percentage of reinforcement the yield-point 
stress of the steel may be reached. 

2. The shrinkage stress in the concrete increased with the length of the specimen 
and with the percentage of reinforcement. The tension strength of the concrete was 
exceeded even in relatively short specimens having an ordinary percentage of rein- 
forcement. The danger of shrinkage cracks is therefore present. 

3. The bond stresses which resulted from the shrinkage were practically inde- 
pendent of length of specimen and percentage of reinforcement. These stresses were 
below the bond strength values. The author makes the following observations re- 
garding the effect of these shrinkage stresses upon reinforced concrete structures: 

(a) Shrinkage cracks may be expected in highly reinforced concrete columns. 

(b) The shrinkage will promote the formation of tension cracks in the reinforced 
concrete beams and may therefore increase the danger of corrosion of the reinforce- 
ment. 

(c) For concrete highway slabs it is recommended to use no reinforcement on solid 
sub-grade and a minimum of reinforcement on yielding sub-grade in order to mini- 
mize the cracks in the pavement. 

(d) Welded reinforcement is recommended because of the greater tendency of 
shrinkage cracks where lapped reinforcement is used. 


Contribution to the study of the vibration of concrete 


HERMITE AND Mariani, Annales de L’Institut Technique du Batiment et des Travaux Publics, Vol. 1, 
No. 1, p. 18-24, 1936. Reviewed by P. H. Bates. 


This article is recommended to all interested in the vibration of concrete. Un- 
fortunately, it lends itself poorly to brief abstracting. There is so much of interest 
that it is worthy of being presented almost in full. 

A theory of the nature of concrete is first presented which is so developed that it 
shows the need of close contact of particles to bring about optimum results. Since the 
ideal concrete, according to this, would be so dry as not to be placeable, the authors 
bring out compromises which must be made to reach the desired optimum and the 
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mechanics of placing such “compromise concrete.” This leads to an exposition of 
what vibration must do—impart a certain amount of energy to the concrete in order 
to move certain parts of it from one position in the mass to another. Since the con- 
crete is heterogeneous, that is, composed of large and fine particles, theoretically 
different amounts of energy should be applied to the different sized particles. Since 
the required energy is not defined by frequency of vibration alone (as discussers of 
vibration in the United States would seem to indicate—reviewer’s comment), the 
authors bring into the discussion the other essentials, namely, the mass of the vi- 
brating agent and its amplitude. The theory calls for a possible reduction of energy 
during vibration to insure maximum compaction in minimum time with minimum 
segregation, particularly if there is a marked difference in particle size. 

Two devices are shown for automatically determining and registering the degree 
of compaction and the frequency and amplitude of laboratory vibrated specimens. 
Examples of curves obtained are shown and some discussion of the effect of the 
amount of water and paste on the compaction is given. 

An outline of further research now under way is also presented. Some conclusions 
based upon incomplete work show that without vibration maximum compaction can 
be attained but through the use of a quantity of water which would yield poor strength. 
Maximum compaction is reached by vibration with considerably less water than 
when vibration is not used. The amount of water giving best compressive strength 
is not the same amount that gives maximum compaction by vibration. 

Single bent rigid frames with offset supports 
ALEXANDRE SpoLiansky, University of Liege, Bulletin No. 28. Reviewed by R. L. Bertin. 

This paper is a study of the possibilities which are offered by offsetting the supports 
of single bent rigid frames first inwardly and second outwardly from the axis of the 
vertical members. Formulas for moments and thrusts are derived for single bents 
with hinged offset supports both inwardly and outwardly and for one and two stories. 
For some of the cases the moments and thrusts are determined for fixed supports. As 
a result of this study, the following conclusions are enumerated: 

Offsetting the supports inwardly compensates for the thrust at the base, and out- 
wardly increases restraining moments at the top of the vertical member. 

The economy in the use of rigid frame bents, particularly of large span, is partly 
offset by the increased cost of foundations. 

The thrusts are particularly important in one story bents, as for two story bents 
the loads from the second tier compensate in part for the thrusts resulting from the 
loads on the first tier, and following the different signs of the thrusts from the Ist 
and 2nd tiers, it is useless to attempt to compute the total thrust for the case of 
variable loads. 

The length of the offset is a function of the ratio between the stiffness of the beam 
and that of the legs and the span of the loaded beam. 

For a uniform load, the stiffness of the horizontal and vertical members being 
equal, the inward offset distance must be 1/12‘of the span in order fully to com- 
pensate for the thrust. The positive moment at the center of the beam is, however, 
increased approximately 10 per cent. 

It is impossible to set up an equation for the magnitude of offset fully to compen- 
sate for the thrust in case of moving loads. 

Offsetting the supports outwardly increases the negative moment at the joint and 
reduces the moments in the beam, thus for an offset of 2 of the span the moment of 
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the joints for uniform loads is increased nearly 20 per cent. However, the thrust at 
the support is correspondingly increased. 

With fixed supports, compensating for the thrusts reduces the restraining moments 
at the joints to such an extent as to increase very materially the participation of the 
beam in carrying the load. 

In conclusion, the author states that the offset of free supports for one story single 
bent rigid frames may prove of value in artificially increasing the moments at the 
joints. 

The fully restrained frame, however, does not lend itself to this particular treat- 
ment. 


Stresses in concrete pavement slabs 


M. G. Spanater (Associate Structural Engineer, Engineering Experiment Station, Iowa State College). 
Highway Research Board (Dec. 1935). Reviewed by Verne W. McCown. 


This paper is a preliminary report on a current research project being conducted 
at Iowa State College, to supply experimental evidence bearing upon some of the 
assumptions utilized by Clifford Older in his interpretation of the Bates Road Tests 
and by Dr. Westergaard in his analytical solutions for stresses in pavement slabs. 
Loads have been applied to experimental slabs at a corner and the tensile strains in 
the top surface of the slab have been measured by means of optical lever extenso- 
meters. z 

The strain measurements, together with observation of the shape of structural 
corner breaks, both in the field and the laboratory have led to a new hypothesis 
relative to the distribution of stress, or the locus of maximum moment in a slab when 
loaded at a corner. It appears that the locus of maximum moment is a curved line 
which may lie anywhere between a circular curve having the corner of the slab as a 
center and a line tangent to this curve at right angles to the corner bisector. Also, 
the moment is non-uniformly distributed along this path, being greater near the 
bisector than at the edges of the slab. The factors which control the variations in 
shape of the locus of maximum moment between the described limits are not dis- 
cernible. 

Since the greatest stress in the slab under this hypothesis will occur when the locus 
is a circular curve and the least stress will occur when it is a straight line normal to the 
bisector, analyses incorporating these limiting cases are introduced and two expres- 
sions, one for the maximum and the other for the minimum probable tensile stresses 
along the corner bisector are derived. These equations, when evaluated with con- 
stants applicable to the first experimental slab studied, define two stress curves, one 
of which is about 50 per cent greater than the other. In general the measured stresses 
in this slab lie between these limiting curves and are nearer the curve of maximum 
probable stress. 


A comparison between both the measured and analytically determined stresses 
and those obtained by Dr. Westergaard’s analysis reveals substantial agreement 
between them as to the distance from the corner at which maximum stresses occur. 
Also his conclusion that the magnitude of subgrade reaction has relatively little effect 
upon stresses is verified. The expression here derived for minimum probable stress 
coincides with his expression for maximum stress. 

The studies reveal the need for further experimental evidence relative to the 
relationship between subgrade reactions and deflections and the distribution of 
deflections in the corner region of slabs. 
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Construction of the Canning Dam, Western Australia 


a a ear Dumas anp Victor Cranston Munv, Journal of the Institution of Engineers Australia, 
Vol. 8, No. 1, Jan. 1936, p. 1. Reviewed by J. R. SHANK. 


The Canning Dam, a concrete structure, is being constructed in Western Australia 
to supply water for the City of Perth. Ninety per cent of the employees are on a part 
time basis under the Western Australian Government’s Employment Scheme “to 
provide useful employment for workers on sustenance.” The dam is 218 ft. high and 
1600 ft. long with a 20-ft. roadway on top. It is estimated to cost $5,250,000. The 
average cost for all grades of concrete to date is $9.56 total. 


The concrete is being made from a cement manufactured at Riverside Australia 
from shells and clay, a yellow natural sand,and a crusher run granite 21% in. maximum 
size with a fineness modulus of 7.75. The proportions are 1:1.57:4.32 and 1:2.09:5.75 
which produce compressive strengths at 28 days of approximately 3200 and 2600 
p.s.i. respectively. The slump varies from 1 to 4 in. averaging about 3in. No 
attempt is being made to hold the water cement ratio to any particular figure though 
the records indicated that it has been held between 0.88 and 0.94. 


The cement is being handled in bulk. Special steel boxes 7 x 7 x 4 ft. are used in 
the transportation; two on a small freight car from the mill and one on a truck at the 
site. The transfer is made by means of a gantry crane. The saving due to this bulk 
handling is 90% cents per cu. yd. of concrete or about $355,000 total. 


The transportation of the concrete is being accomplished by the use of towers, 
chutes, and counterweight balanced trusses having as much as a 90 ft. radius. The 
chutes and trusses are carried on a cable way. The cost of the entire transportation 
plant is 1014 cents per cu. yd. The working grades of the chute lines are between 
1% to 1 and 24% to 1. Grades steeper than 2 to 1 are rarely used and then usually 
only at the tower. Concretes having as low as 1-in. slumps have been effectively 
chuted on 2.2 to 1 slopes. 

Vertical construction joints are being constructed every 45 ft. down to a depth of 
80 ft. and every 90 ft. below that. An 8-in. diameter bitumen water seal and copper 
water stop are used in each joint; the water seal at a concrete dowel projection and 
the water stop at a straight part between. The bow of the copper water stop is 
maintained by means of an asbestos-cement cover plate cemented to the copper by 
means of bitumen. The units for pouring are blocks 6 ft. high containing from 240 to 
320 cu. yds. They are so constructed that any water which may tend to follow the 
vertical or horizontal joints will be compelled to change direction through 90 degrees 
a large number of times before appearing on the down-stream face. Inspection 
galleries are being constructed near the top and near the bottom, with 8-in. drainage 
ducts spaced 5 ft. connecting them. The foundation was good solid granite. It was 
- impossible to force any grout into this material. 


High elastic limit steel as reinforcement for sustained loading 


tests on slender concrete beams 


BH. J. Guxey anp G. C. Ernst (Iowa State College). Highway Research Board (Dec. 1935). 
Reviewed by Verne W. McCown. 


This report constitutes Chapter IV of a continuing cooperative project between the 
Highway Research Board and the Iowa Engineering Experiment Station conducted 
under the general auspices of the project committee. The project is made up of a 
series of investigations of problems relating to the use of high elastic limit steel as 
reinforcement for concrete, with special reference to questions bearing upon possible 
increased design stresses for this material. Chapters I-III were published in Proceed- 
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ings Highway Research Board, Vol. 14, Part I (1935), p. 255-314. The scope of these 
chapters was as follows: 

Chapt. I. Questions and Their Status. (p. 258-270). 

Chapt. II. References with Brief Summaries. (p. 271-283). 


Chapt. III. Design Procedure and Possible Economies from the Use of Higher 
Design Stresses. (p. 283-314). 

For this report (Chap. IV) primary tests were made on 22 beams, 3 by 6 in. by 11 
ft., tested under sustained static loading in dry air after 28 days of moist curing, fol- 
lowed by two or five months in dry laboratory air prior to application of load. All 
except four beams were reinforced with 14 in. deformed rail steel bars and consti- 
tute the main series. Two beams (that broke after a few weeks under load) were 
unreinforced, and two others were reinforced with 3% in. deformed rail steel bars. 
Design steel stresses ranged from 15,000 to 46,000 p. s. i. and concrete stresses from 
700 to 1,920 p. s. i. Design bond and diagonal tension stresses were below 70 and 50 
p. s. i. respectively. Steel ratios varied between 0.30 and 1.21 per cent, with three 
beams reinforced for compression with steel equal to that in tension. Applied loads 
at each third point of 10-ft. spans were 140 lb. on the plain beams and from 185 to 700 
lb. on reinforced beams. Center deflections and strains on steel and concrete were 
measured. Auxiliary weight and shrinkage data were taken, and crack surveys were 
made. The concrete offered considerable tensile resistance, even at the high stress 
combinations, and measured strains and deflections are below the normal computed 
values. Elastic deflection is a function of the stress in both steel and concrete, but 
flow-shrinkage deflection seems to be practically independent of steel stress and 
directly proportional to the concrete stress. Shrinkage is important, tending to lower 

_the tensile steel stress and to increase compressive strains and beam deflections. 
Warping from unsymmetrical placement of reinforcement was one of the shrinkage 
effects noted on auxiliary beams. For the slender beams used in these tests, there 
was no indication of hazard or of unusual or unsatisfactory behavior within the maxi- 
mum range of stress employed. Deflections were not excessive, and cracks were not 
wide, although there is little present basis for defining the limiting width of crack 
that constitutes a corrosion hazard. 


Aggregate grading in relation to concrete mix design 


H. N. Watsu, Bul., Inst. of Civil Engrs. of Ireland, Vol. 62, No. 6, April 1936, p. 197-36. 
Reviewed by J. C. PEARSON. 


This paper, one of a series by the author on the general subject of aggregate grading 
and proportioning, is directly supplementary to his previous paper, “Aggregate 
Grading and Concrete Quality” (see Review, A. C. I. Journat, Sept.-Oct., 1933), in 
which typical aggregate gradings for crushed stone and gravel aggregates with maxi- 
mum sizes of 34 and 14 in. were derived. The present paper extends these studies 
to cover gradings of crushed stone aggregate with maximum sizes of 2 in. and 3 in. 
These grading curves are shown on six charts, one for each maximum size and type 
of aggregate, and each chart has 5 curves, corresponding to 10, 8, 6, 5 and 4 parts of 
mixed aggregate by volume to 112 Ibs. of cement. The author explains that each of 
these curves represents the coarsest grading that is suitable to make dense and work- 
able concrete in the proportions indicated. These charts are supplemented by four 
others, one for each maximum size aggregate, which give cement content, gal. per 
sack, and C/W by weight, plotted against the ratio of mixed aggregate to cement by 
volume. 
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These 10 charts are the basis of the author’s method of design of concrete mixes, 

which he states can be approached equally well from any one of the following angles: 

1. Arbitrary proportions. 

2. Definite cement content per cu. yd. 

3. Definite strength, with high density and good workability. 

4, High unit weight, with medium strength and low shrinkage, as for mass 

concrete. 

It is interesting to observe that the author presents no strength charts, on the ground 
that the curing, age, and type of cement are too uncertain to warrant the use of 
assumed values. He prefers to use the equation S = K (c/w —.5), in which the 
strength, S, depends upon the cement-water ratio by weight, c/w, and a constant, 1G 
depending on the three variables indicated. Thus K is to be determined by prelim- 
inary tests and established for the materials and conditions at the work. 

The paper is divided into four parts, (I) showing how the gradings are derived and 
the effect of departures from them; (I1) the application to concrete mix design; (111) 
Specification requirements and a discussion of them; and (IV) the use of the charts 
for vibrated concrete. 

This paper is well worth study by those interested in the design of concrete mixes, 
indicating as it does, quite different procedure from that commonly followed in this 
country. We are fast getting away from the use of volume proportions, and we 
prefer to design on the basis of strength as indicated by some form of the cement- 
water relation, rather than pay close attention to the grading of the aggregates. In 
either case, however, the adopted mix will depend upon trial batches, and the final 
adjustment will involve more or less attention to the aggregate gradation. Whether 
we subscribe, or not, to Prof. Walsh’s ideas of correct grading, we may well hold to 
the idea that grading is not of minor importance, that it should vary with class and 
type of concrete, and that there is still much to be learned about the subject. 


Stress in concrete and reinforced concrete resulting from 
volume changes 
F. Campus, University of Liege, Bulletin No. 24. * Reviewed by R, L. BerTIN. 

This paper was written as a result of observations by the author and others of 
cracks in reinforced concrete structures, localized by the presence of reinforcing bars 
to which they are parallel. These cracks were noticed along the lateral ties of rein- 
forced concrete piles, also along the reinforcing bars of beams, along the vertical 
stirrups of deep beams and the reinforcing rods of slabs and walls. 

The author attributes the formation of these cracks to the restraint offered by the 
bars to the shrinkage of the concrete, setting up internal tensile stresses in the con- 
erete in the immediate vicinity of the bars in a transverse direction. 

The internal tension set up in concrete in the direction of the reinforcing bars 
received considerable attention. This stress is modified by the restraint offered by 
the adhesion or friction between the concrete and the bars, whereas tension due to 
transverse shrinkage is not so modified and therefore is of greater magnitude than 
the former. 

The author evaluates mathematically the stresses induced in a plane of a circular 
disk by the uniform shrinkage of a surrounding medium of unlimited dimension and 
deduces therefrom the tension in the medium in the vicinity of the disk. 

Thus for concrete, assuming a moderate shrinkage of 4 x 10-*, a tensile stress in the 
order of 280 p. s. i. can exist in the concrete at the periphery of the embedded bar 
which diminishes rapidly as the distance from the point of contact increases. 


° 
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He extends the mathematical analysis to include the evaluation of stresses produced 
by a cylindrical bar, concentrically embedded in a cylinder of concrete, also in a 
sphere of concrete surrounding a concentrically located sphere of specific and constant 
volume, and finally the internal stresses in a cylindrical spirally reinforced concrete 
column under the effect of shrinkage. From these studies and observations, the 
author draws many conclusions: 

(1) The pressure on reinforcing bars due to the lateral shrinkage of concrete in- 
creases with the thickness of the encasing concrete but tend rapidly toward a limiting 
value. 

(2) The maximum tension in the concrete at the points of contact with the bars 
does not vary much with the thickness of the embedding concrete, and is approxi- 
mately equal to that which results from the total restraint of the shrinkage. 

(3) That the tensions decrease rapidly as the distance from the bars increases and 
are minimum at the free surface of the embedding concrete and therefore are the 
weaker the greater the thickness of concrete covering. 

(4) The maximum internal stresses induced in concrete hy the restraining effect of 
the reinforcing bars are considerably greater in the transverse direction than they 
are longitudinally but are localized in the vicinity-of the bars. 

In general, the internal stresses are governed by the relative volume of the heter- 
ogeneous elements in the medium. In concretes and mortars, the element with 
varying volume is the hydraulic binder, the aggregate particles being practically of 
fixed volumes. Even without reinforcing steel, mortars and concretes are subject to 
considerable internal stresses. This is evident from the fact that concretes and 
mortars shrink less than pure cement pastes. Therefore, the less the shrinkage of 
concrete as compared with that of pastes, the greater the internal stresses. 

This explains why fines in concrete increase the tensile resistance while they reduce 
that in compression. As a result of the study of spirally reinforced columns, the 
author deduces as follows: 

(1) The shrinkage of concrete induces transverse stresses in the column. 

(2) That the spiral reinforcement is compressed, thus reducing its effectiveness 
within the elastic period: under working Joad. 

(3) That the core is subjected to an appreciable tension in all its mass which tends 
to increase its resistance in compression under load. 

(4) That the shell is subjected to tangential tensions which are increased by the 
swelling of the core and the stretching of the spiral when the column is under load 
which explains the premature falling off of the shell under high loads. 

In general, shrinkage provokes in spirally reinforced columns very complicated 
internal stresses having certain unfavorable characteristics which restrict the useful 
field of spiral reinforcement. 


The carbonation of unhydrated portland cement 


D. G. R. Bonney, Building Research Paper No. 19, Department of Scientific and Industrial Research 
(London), May 1936. SumMaryY By AurTuor. 


When portland cement is stored in such a manner that air has access to it, changes 
take place in the cement, which, in most cases, have a deleterious effect upon its 
properties. The nature and extent of this deterioration and the causes of the changes 
by which it is brought about are questions of importance to manufacturers and users 
alike. Although these problems have attracted the attention of research workers 
during the last 50 years, knowledge of the phenomena concerned is still far from 
complete. 


; 
: 


ee 
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In the course of investigations relating to the practical question of.the deterioration 
of cements in storage, at the Building Research Station a few years ago, it became 
apparent that a study of the effects of exposing cements to the action of carbon 
‘dioxide might well produce results from which fundamental facts might be deduced. 
The study has been pursued, the degree of aeration being extended beyond the point 
at which a cement becomes useless for all practical purposes. Results indicate a new 
and promising line of attack upon several problems connected with the constitution 
of cement and the behaviour of the various constituent compounds. 


A study of the specific effects of exposing three normal and one rapid-hardening 
portland cements to moist air and carbon dioxide has shown that, while moist air 
free from carbon dioxide has little effect, and dry carbon dioxide none, mixtures of 
the two decompose certain constituents of cement and have the effect of rapidly in- 
creasing the loss on ignition and the carbonate content with increasing time of ex- 
posure. The increase in the water content with time is very smail, but definite. The 
amount of carbon dioxide absorbed during exposure to an atmosphere of moist air 
and carbon dioxide is directly proportional to the time of exposure until a certain 
critical carbon dioxide content is attained. Beyond this point, the rate of absorption 
is less and remains constant. The same applies also to the increase in the loss on 
ignition with exposure. This critical point is of significance in that, while being 
constant for any one cement, it varies with different cements. 

There seems to be no doubt that this critical point is that at which a definite amount 
of carbonate is formed, and that this amount bears no relation to the free lime content 
of a cement. 

Of considerable importance, of course, is the effect of aeration upon the tensile 
strength of a cement. Experiments over a wide range of carbon dioxide contents 
showed that the four cements studied behaved very much alike. 

The investigation has shown that the actual effect of a definite amount of carbona- 
tion depends upon the amount that had previously occurred. With a fresh cement, 
comparatively small amounts may seriously affect the early strength without in any 
way reducing the 28-day strength, which remains almost unchanged until a consider- 
able amount of carbonation has taken place, after which it decreases rapidly with 
further aeration. It is probable that the main reaction occurring during early aeration 
is the decomposition of the tricalcium aluminate content of a cement, while during 
the later stages it is the tricalcium silicate content which is mainly affected. From 
this it follows that, for early ages, the tricalcium aluminate content exercises a pre- 
dominant influence on the strengths of both neat cement and mortar specimens, 
while, at later ages, this constituent has little or no influence and, in fact, may reduce 
strength. 

In a study of the effect of aeration on the setting times of the cements, it was found 
that the results obtained varied very widely and were not quantitatively reproducible. 

A phenomenon of peculiar interest which was observed is that the behaviour of 
aerated cements as regards the development of tensile strength differs in neat cement 
and in mortar specimens. Initially, with mortars, increasing carbonation has no 
effect on strength, while with neat cements a reduction in strength occurs. Mortar 
strengths also persist to a higher degree of aeration than is the case with neat strengths 
j.e., mortars develop strength after a cement has lost power to develop strength in the 
neat state. Indeed, a cement aerated to the degree that no tensile strength at all was 
developed in neat briquettes at 7 days gave strengths in 1:3 sand mortar of 105 p. s. i. 
at 1 day, and 209 p. s. i. at 7 days. This remarkable result was not dre to the high 
proportion of mixing water required for mortars as compared with neat cements, but 
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appears to be intimately associated with the size and concentration of the aggregate - 
particles. 

These observations suggested a series of experiments the results of which form the 
basis of a hypothesis to account for the behaviour of cement and aggregate in a 
mortar. 


Developments in concrete making—M. E. Freyssinet’s new 


process 


M. &. Freysstner (read by T. G. Gueritte at a joint meeting of the Institution of Structural Engineers 
and the Société des Ingéniéurs Civils de France, March 1936). Published in abstract Conerete and 
Constructional Engineering (England), April 1936, p. 209. The review following is from an editorial in 
the same publication, p. 207. 


The objects of the paper were (1) to describe the properties and uses of the material 
to which the author has given the name “treated concrete’; (2) to show the ad- 
vantages to be gained by initial tensioning of the reinforcement; and (3) to outline 
the theory of capillary solids developed by M. Freyssinet. 

The principles involved in the manufacture of “treated concrete” are the use of 
the lowest possible water-cement-ratio and high proportions of fine and very fine 
aggregates, and vibration followed by compression to eliminate the water films. The 
results are concrete having a compressive strength of 14,000 p. s. i. two or three hours 
after the set begins when aluminous cement is used, and similar results in 12 to 24 
hours with portland cements. Moreover, if vibrated and compressed concretes are 
heated to 212 deg. F., a strength of more than 5000 p. s. i. can be obtained in less 
than two hours in concrete made with portland cement, and ultimate strengths of 
17,000 to 21,000 p. s. i. are reached. 

The application of initial tension to the reinforcement to induce compression in 
the concrete is not new, but it has hitherto been found to be very difficult to carry 
out in practice. It is here that M. Freyssinet has made a notable advance in de- 
creasing the deformation in the concrete and steel and preventing fissuring. To see a 
reinforced concrete pipe of 17 in. internal diameter and only 13 in. thick withstanding 
a test of about 1250 p. s. i. was a revelation to those present at the meeting. The 
pipe, we understand, had only been made six hours before the test. To the eye its 
surface bore little resemblance to an ordinary concrete pipe; in appearance it was 
more like a glazed stoneware. 

The remarkable economy obtained by M. Freyssinet’s method of construction is 
illustrated by the description of an I-girder 65 ft. 6 in. long, 2 ft. 9 in. to 3 ft. 10 in. 
deep, with a 6-in. web. The girder weighs 150 lb. per foot run. With a total test load 
of 940 Ib. per foot the reinforcement is stressed to 78,000 p. s. i. and the concrete 
to 2056 p. s. i. in compression. The measured deflection was equivalent to that 
in a similar and similarly-loaded steel girder with stresses of 7100 p. s. i. Although 
submitted to alternate application and release of the test load no signs of fatigue 
appeared. It is estimated that a similar girder with a span of 327 ft. and an average 
depth of one-twentieth of the span would carry a useful load of 300 tons, and would 
have a factor of safety of two on the steel and four on the concrete. 

At the Marine Station, Havre, where the buildings were settling at the rate of 
ze in. to ¥% in. a month, the new method of construction was successfully applied to 
transmit the loads to a firm stratum 65 ft. below the toe-level of the original piles and 
approximately 100 ft. below ground level. Between the footings of each row of 
transverse columns lightly reinforced mass concrete was placed so as to obtain a 
continuous beam from side to side of the building. In these beams a general com- 
pression was induced by steel tie-rods stressed to between 75,000 and 85,000 p. 8. 1. 
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Between the columns, circular vertical openings with horizontal grooves were boxed 
out of the new concrete, and through each opening a pile was sunk by hydraulic jacks. 
The piles are hollow cylinders with external and iriternal diameters of 24 in. and 15 
in. respectively, and were manufactured above ground by a continuous process. 
Although the reinforcement in each pile is only about 7 lb. of steel per foot run, the 
piles are made to carry 300 tons and have a bending moment of 160 ft.-tons. During 
the manufacture of the piles the stress induced in the longitudinal bars was close to 
the elastic limit. The cement used was a special brand for work which is required 
to set in sea water, and which generally gives a low crushing strength. Notwith- 
standing the compression induced by pre-stressing the steel and the pressure required 
to jack down the piles it was found possible to sink them while the concrete was less 
than eight hours old. In four working days a length of 100 ft. of pile was manu- 
factured and sunk. 

Such are the properties of the new concrete. Its remarkable strength at early ages 
is the result of the application of five methods of obtaining high-strength concrete or 
expediting the hardening process, namely low water-cement-ratio, vibration, com- 
pression, heating, and tensioning the steel reinforcement. It is too early yet to at- 
tempt to prophesy the future of the process, but any improvement in the manufacture 
of concrete that is sponsored by the engineer responsible for the Plougastel bridge 
must receive the serious attention of all interested in concrete work. It is at any rate 
clear that the increase in working stresses from 600 p. s. i. to 1200 p. s. i. recommended 
by the Code of Practice is but a small step towards the stresses which may ultimately 
be used under certain conditions. 


The Use of high-grade materials in reinforced concrete—a 
critical study of safety factors and allowable working stresses 


P. Aneves, Beton und Bisen, April 20 and May 5, 1935. 
Reviewed by WrLLiAM QuENTIN AND B. MoREELL. 


The author adopts as his thesis, the view that current practice in reinforced con- 
crete design is too conservative. After an exhaustive review of the subject, he 
summarizes his conclusions as follows: 

1. Recent investigations have invariably shown that sections of reinforced con- 
crete, designed by conventional methods, have a greater degree of safety than 
anticipated in the design; the amount of the excess depends largely on the steel ratio. 

2. The ratio of calculated stresses at failure to those at yield point does not con- 
stitute a criterion of safety as regards stresses in the steel; the relation between 
stresses at yield point and working stresses varies with the diameter of the steel. 

3. If a definite factor of safety for certain materials is stipulated, preliminary tests 
must be made to determine the corresponding steel ratio. The present conventional 
methods of calculation will give results appreciably different from those evolved in 
the tests, depending on the quality of the concrete and on the steel ratio. 

4. The conventional design neglects tensile strength in concrete, employs n = 15 
and assumes that with the appearance of cracks, the cooperation of the tension zone 
of the concrete is eliminated. It is the opinion of many authorities that the tension 
zone of the concrete is active in tension up to the moment of failure regardless of 
cracks. 

The approximative methods of Steuermann and Gebauer, though devoid of strict 
theoretical foundations, check well with experimental data. These methods provide 
for the use of partial tensile cooperation of the concrete to the extent of % to 1/12 of 


the laboratory test strength. 
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5. As regards safety against cracks, Emperger states that danger arises only from 
cracks which expose the reinforcing steel permanently. Rigorous tests have proved 
that cracks of 0.3 mm width, perntanently open, are not dangerous in dense concrete. 


Danger resulting from cracks must not be judged from conditions prevailing at the 
time when fine cracks appear. Dangerous cracks appear soon after hair cracks when 
the reinforcement is small, and very much later for larger steel ratios. 


6. Fine hair cracks, not only those due to shrinkage are unavoidable—and harmless 
—even in structures designed and erected by the best authorities. The denser the 
concrete the safer the reinforcement against corrosion; concrete of small density is 
subject to weathering and allows its reinforcement to rust without showing any cracks 
whatever. 


7. An increase in tensile strength of concrete defers cracks. Wide cracks are less 
likely to appear in a concrete having greater capacity of undergoing deformation; 
manufacturers have not yet succeeded in improving this capacity. 


8. It is considered very probable that in the near future 4 concrete of greater tensile 
strength will be produced. The compressive strength of concrete for structures sub- 
jected to bending requires no improvement. Relatively high tensile strength and 
lower compressive strength enhances the property of toughness. 


9. It appears to be futile to employ a factor of safety by limiting the working 
stresses in the reinforcing steel to a certain value and to stipulate that high tensile 
steel should be used in combination with high strength concrete. A far more practical 
method is to stipulate a definite safety factor against rupture and against wide cracks. 


10. A safety factor of 2 based on rupture is considered sufficient for ordinary 
structures, using a dense, uniform concrete and applying careful supervision during 
erection. If special protection against meteorological influences must be provided, a 
safety factor of 214 will be sufficient, and a factor of 314 must be used when harmful 
chemical influences are anticipated. 


11. It appears that the use of high grade steel is economically advantageous. The 
design should then avoid high compressive stresses in the concrete, which would 
develop higher tensile stresses in the concrete, enhancing the danger of cracks. 


12. According to Emperger, efficient bonding between steel and concrete is 
requisite to avoid cracks. Bond should therefore be improved by using deformed 
steel. High grade steel, having about twice the strength of the ordinary steel now in 
use, does not cost twice as much as the latter and will still be economically advan- 
tageous, if its cost be increased by processes of deformation in the factory. 


13. Asa disadvantage of high grade steel as discussed in this article (strength 8000 
kg/cm ) appears its brittleness, increasing the labor of bending and making welding 
prohibitive. 


14. High grade steel in combination with concrete having the property of greater 
plasticity than it has now would be a fitting substitute for structures that under 
present conditions are built in steel. 


15. To clarify fully the matter under discussion it is desirable (a) that a concrete 
be produced allowing a greater unit deformation in tension, (b) that more investiga- 
tions be made to determine under varying conditions the degree of safety or the lack 
of it due to cracks, (c) that a certain correlation of steel ratios, tensile strength of 
concrete and the various grades of steel be established, on the basis of which safety 
of a structure may be gaged for any possible combination. 
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The cracks of reinforced concrete 


Henry Losstmr, Le Genie Civil, Vol. CVIII, No. 8, Feb. 22, 1936, p. 182-18 nie. Civt 
Feb, 29, 1936, p. 202-206. ‘ cs steve oe ee 


The purpose of this article is to bring out the importance to be attached to the 
cracking of reinforced concrete. Although cracks always are an indication that the 
tensile resistance of the concrete has been exceeded, the cracks are not always danger- 
ous. In some cases, they follow the adaptation of the structure to some particular 
condition and, outside of the question of appearance, they are to be viewed with 
alarm only when they are likely to affect either the resistance of the structure, pro- 
tection of the reinforcement or the required tightness of the structure. 


Under the heading “Formation of Cracks,” the author points out that the develop- 
ment of cracks is progressive. Measurements indicate a gradual dislocation of the 
concrete which in cases increases its porosity though cracks do not appear. The rein- 
forcing in concrete does not alter its property of rupturing when the elongation ex- 
ceeds from .1 to .2 mm. per meter but it tends to distribute the stress, thus giving the 
concrete an apparent ductility so well demonstrated by the tests of Considere. 

Cracks are subdivided into five classes, namely: (a) Cracks of resistance; (b) Cracks 
of conservation; (c) Cracks affecting tightness; (d) Cracks of adaptation; (e) Cracks 
due to shrinkage and temperature. Each class is dealt with in great detail. 

Cracks of Resistance. Under this heading, the author discusses cracks due to ex- 
cessive elongation of the steel with or without attending bond failure; cracks due to 
bond failure where the steel stress is low, and cracks due to shear. Much space is 
devoted to a correction of the old conception that vertical stirrups assist the concrete 
in resisting horizontal shear. The author points out that the so called shear cracks 
are in reality tension cracks. When these cracks occur, the tendency is to transfer 
the resistance to shearing forces onto the reinforcement. 

Cracks of Conservation. The author distinguishes between cracks in which the 
bond is not broken, in which case the section of bar exposed is smaller than the width 
of the crack and those where the bond is broken, in which case the exposed part of 
the bar may exceed the width of crack. The importance of these cracks on the 
permanence of the structure is dependent upon its exposure to active elements, but 
in general if the former are less than two-thirds of a millimeter, no danger exists. The 
latter type of crack may affect the permanence of the structure. They generally 
appear in regions where the steel tensile stress is very high or where the bond stress 
is excessive. These conditions are generally found over the supports of continuous 
members where the amount of steel was insufficient. The effect of such cracks on 
the permanence of structures is apparently less than from the porosity of the concrete, 
particularly when the structure is exposed to active agents. 

Cracks of Adaptation. Cracks frequently occur when the assumptions of design 
are not realized in actual performance. Continuous structures, monolithic arches 
insufficiently reinforced at the supports, hinged members lacking freedom of action, 
or structures founded on yielding soils are examples of such cases. It is a general law 
applying to hyperstatic structures that the weak elements tend to unload themselves 
automatically to the deteriment of the more rigid ones. Such cracks are not neces- 
sarily injurious if the stronger rigid members are capable of assuming the burden. 


Cracks From Shrinkage and Temperature. The author claims that the real knowl- 
edge regarding shrinkage of concrete is still rudimentary. He discusses the physical 
phenomena of the shrinkage of plastic pastes, the action of humidity, plastic flow 
under stress, chemical reactions, etc., investigated by Le Chatelier, Chapman, Faber, 
Freyssinet, Pigeaud, and Giertz Hedstrom. He deals with shrinkage from two stand- 
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points; the uniform shrinkage of the whole mass and the local shrinkage affected by 
restraints, such as reinforcement. 

In the second part of his paper, the author discusses suggested means of preventing 
the formation of cracks. He first discusses the limitation of the theoretical elongation 
of concrete in tension. By analysis and test, he shows that even without stressing the 
embedded reinforcement, the resistance of concrete in tension may be exceeded re- 
sulting from shrinkage, particularly if the reinforcement is not concentric with the 
concrete section in which it is embedded. He then takes up the use of special rein- 
forcement designed to increase bond resistance. In this respect he points out that 
deformations on the surface of the bars do not increase the adhesion but add anchor- 
age which tends to reduce the formation of cracks or to decrease their magnitude 
Attention is called to tests conducted on Isteg bars and others such as the Radix bar 
where the exposed length of bars in the vicinity of cracks were less than for smooth 
bars even when the unit tensile stress was greater. He warns, however, against the 
use of steels the yield point of which is raised artificially as compared with those 
having normal high yield point, the former being unstable under the action of heat, 
vibration or shocks. He discusses the. influence of percentage of steel spacing of 
bars, general arrangement of bars on the formation of cracks, more as a matter of 
interest than of practical importance. 

The effect of prestressing the reinforcement is discussed, reference being made to 
the work of Considere, Freyssinet, Baticle, Lund and Koenen, Dischinger, Von 
Emperger, Ruml, regarding application and methods of prestressing the reinforce- 
ment in such structures as bow strung members, ordinary beams, pipes, etc. The 
use of rust proof steels is given consideration as well as the selection of mixtures and 
cements producing concretes having low shrinkage values and higher ductility. 

In conclusion, the author states that in general, cracks do not endanger the struc- 
tures except in cases where they occur in regions subjected to tension which are not 
provided with reinforcement of sufficient strength to resist the stresses without 
assistance from the concrete. 

He finally forecasts as the ultimate solution of the problem, the production of a 
concrete which will possess greater ductility and reduced shrinkage or possibly ex- 
pansion. Such a product is now in the state of development and promising tests are 
under way which will be reported in the near future. 


Discussion of a Report of Committee 609: 


‘RECOMMENDATIONS FOR PLACING CONCRETE BY 


VIBRATION’’* 


CONVENTION DISCUSSION 


Raymond E. Davis (Professor of Civil Engineering, Univ. of Cali- 
fornia, Berkeley): In listening to the report of the Committee, certain 
items have impressed me as needing emphasis. One pertains to high 
frequencies. In this report, frequencies of 5,000 r. p. m. or higher are 
recommended. Job experience leads me to believe that frequencies 
as high as 10,000 would be desirable. I have in mind one job on an 
inverted siphon which pretty well illustrates the efficiency of high 
frequency over low frequency. The forms for the siphon were open 
on the outside at about half its height, and it was necessary to work 
the concrete through closely spaced reinforcement, from the side 
opening down into the invert. With a vibrator for which the fre- 
quency was approximately 3,500 r. p. m., it was found impossible any- 
where near to fill the invert of the form. But when there was brought 
to the job a vibrator having a frequency of 7,000 r. p. m., the invert 
was filled with no difficulty whatever. 

One other point with which I would disagree has to do with the 
vibration of concrete in layers below the one which is being placed. 
It appears that re-vibration in partially set concrete actually improves 
the strength of the concrete. In a series of tests on approximately 
300—6 by 12-in. cylinders, the concrete was re-vibrated at several 
intervals after initial placement. This interval was varied from 5 
minutes to 2 hours. Several cements were used, some of which took 
their initial set in less than 2 hours. The results of these tests con- 
sistently indicated that the longer the time that had elapsed before 
re-vibration the greater was the strength of the concrete. The maxi- 
mum increase in the 28-day compressive strength due to re-vibration 
was about 20 per cent, and this maximum increase was about the same 
for one cement as for another. 


*JouRNAL, Amer. Concrete Inst., March-April 1936; Proceedings, Vol. 32, p. 445. 
(737) 
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In one of the Government laboratories tests have been made recently 
to determine the effect of vibration of reinforcement steel during the 
setting period upon the bond strength. For these tests the reinforcing 
bars, some of which were horizontal and some of which were vertical, 
were vibrated at intervals of 15 minutes, until the concrete was 10 
hours old. The results of the tests indicated that the 28-day bond 
strength was consistently increased by vibrating the steel until the 
conerete had reached the age of 714 hours, when the bond strength 
was 75 per cent higher than for specimens for which the steel had not 
been subjected to repeated vibrations. 


I am in favor of vibration as a means of compacting concrete, but 
not as a means of transporting it from one place to another in the 
forms; and I am convinced that on a good many jobs where wet mixes 
are employed over-vibration produces such a marked segregation as 
to damage the concrete. The use of vibrators in high slump concrete 
and the use of vibrators as a means of making concrete flow for con- 
siderable distances after depositing it in the forms should not be per- 
mitted. 


Recently on one job where the concrete was made to flow by vibra- 
tion over a considerable distance in the forms, an analysis of the fresh 
concrete was made. Ata point distant 14 ft. from the place of deposit, 
it was determined that the cement content of the mix was 11% sacks 
per cu. yd. greater than that at the place of deposit and that there 
was present in the mix only a small percentage of coarse aggregate 
above the 34 in. size. Even though the concrete at this point contained 
114% more sacks of cement per cu. yd., its compressive strength was 20 
per cent lower than that of the concrete at the place of deposit. The 
manufacturers of concrete vibrators are not backward in making 
claims which will promote the use of their equipment, but I have yet 
to hear a manufacturer claim that vibrators should be used for trans- 
porting concrete in the forms. 


Air bubbles which appear on the surfaces of formed concrete appear 
to be particularly numerous when vibration is employed. Probably 
the principal reason for this is that stiffer mixes are used from which 
the air cannot readily escape. It appears that for the stiffer mixes, 
air bubbles may be considerably reduced by placing the concrete in 
thin layers. 


L. W. Walter (Erie Railroad Co., Jersey City, N. J.): I think most 
of us feel we have had so little experience with vibrators that we are 
not qualified to make very many positive statements, so I shall try 
to express opinions. To my notion one feature was omitted in the 
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committee’s conclusions—that the advantages from the use of vi- 
brators are first in improving quality by using dry mixes; thus, with 
a given amount of material, using a lower water-cement ratio, im- 
proving quality through the use of a lower water-cement ratio. On 
the other hand, the economic advantage is in using harsher mixes to 
increase the amount of aggregate per unit of cement, thereby reducing 
the cement factor. I have been told, and I am inclined to accept the 
view as a sound one, that by increasing yield per unit volume of ce- 
ment, a concrete has less tendency toward volume changes. If that 
be true, that vibration tends to reduce the volume changes, then the 
advantage is not merely one of economy, but of quality improvement. 

Commenting on Mr. Davis’ remarks about the vibrators being used 
to induce the flow of concrete within the form, I suspect that where a 
vibrator is utilized to facilitate the flow any considerable distance 
from the point of deposit, resulting concrete will be sloppy as in years 
gone by where a great deal of really detrimental segregation occurred 
through the flowing action after the concrete entered the forms. The 
flowing action of the concrete within the forms tends to separate the 
finer and lighter materials and carry them to the further end of the 
structure where they are dumped and cannot get any farther. The 
damage to the concrete resulting from this extended flow within the 
forms depends to a considerable extent upon the cleanness of the ag- 
gregate. If aggregates are moderately dirty, the tendency is for the 
dirt, clay or finer materials, whether sawdust shavings or any light 
material, or materials in a finely divided state, to gain speed on the 
coarser and heavier materials and the result is that a considerable 
portion of these materials are incorporated in a relatively small section 
of the structure. The water-cement ratio in the concrete at the far 
end of the flow is found to be considerably higher than that before the 
flow was induced. 

Walter H. Wheeler (Minneapolis): When I began designing and build- 
ing concrete asa construction engineer, Ifound that it paid to use external 
vibration on the column forms and wall forms of a job. I carried that 
practice on into the contracting business and for the last 24 years have 
carried it on in my professional work as an engineer. That was ex- 
ternal vibration. Three years ago on a large job in Baltimore, a con- 
tractor was placing 730 cu. yd. of concrete in a building per day in a 
continuous run of 13 to 14 hours. It required a great many men 
spading and poling the concrete. Of his own volition, after he had 
poured three floors, the contractor adopted the internal vibration 
method. He was able to get along with half as many men on the 
floor as he had before, using one vibrator and he almost entirely 
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eliminated patching. Since that time I have made vibration a part 
of my specifications on all important building work. Last summer we 
used it on the Minneapolis Armory which had about 9,000 cu. yd. of 
concrete in it. The first floor slab was 60,000 sq. ft. in extent, 12 in. 
thick and’was finished as placed. When you attempt to finish a 12-in. 
slab within a certain interval, it must be thoroughly consolidated, 
otherwise when you get through with your finishing operation you will 
have depressions and hollows. The slab was covered immediately 
after it was finished with burlap and sand, while the steel work and 
masonry work went on in the building for three months and then the 
cover was removed. After the cover was taken off, the floor was 
checked. It was found that the finished surface did not vary more 
than 1% in. from exact grade. The office part of the building has four 
floorsanda roof, which are mainly flat slab construction. Plywood forms 
were used and it was the intention not to plaster or paint the ceilings. 
A very smooth finish was important. Vibration was used on these 
floors also, and except for the fins between the plywood panels and 
except for the stains which are hard to avoid, it would not have been 
necessary to touch these slabs in order to have a finished ceiling. 
Because of these two factors surfaces were given a very light rubbing 
with carborundum, which finished them satisfactorily. The other 
part of the story is that the concrete was designed for 2,500 p. s. i. with 
a fairly dry mix—1l cement: 2 sand: 314 coarse aggregate—not to 
exceed 6% gal. of water. These solid slabs were vibrated, using 
51% gal. of water (most of the concrete had a slump of about two in., 
never over four in.) and the test cylinders from these slabs showed in 
all cases except one, a strength at 28 days of more than 4,000 p. s. i. 
The one cylinder under 4,000 lb., was above 3,900 lb. On that entire 
area of slab (about 100,000 sq. ft.) not a patch was put on after the 
forms were removed. We were unable to securs as good results on the 
concrete joist construction. Using the same concrete specification the 
cylinders averaged about 1000 p. s. i, less. 

On columns and high walls I am not convinced that internal vibra- 
tion is the entire solution. It is my experience that on such parts of 
the work you have got to have something in addition to internal vibra- 
tion, you must use either poling and spading, as has been the custom 
in addition to the vibration, or you have got to use both external and 
internal vibration to get satisfactory results. 

A. M. Philleo (U. S. Engineer, Zanesville, O.): On this matter of 
frequency, in competitive trials of vibrators, we have found that 4,500 
is more efficient with large aggregates than a higher frequency; in 
fact, in competition, one vibrator that had a rated frequency of 10,000 
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did not begin to do the job that 4,500 did. However, in Class A con- 
crete, with small aggregates, it does seem that quality goes up with the 
frequency. 

A. W. Mall (Mall Tool Company, Chicago—-convention remarks 
amplified by letter): There are many reasons to believe that higher 
amplitude or high speed of the vibrator is desirable, but for practical 
applications it is better to use a slower speed of 3,500 r. p.m. When 
a vibrating machine is applied to the job of compacting and placing 
concrete, there is considerable material to be moved or work to be 
done. The vibrator must be so designed that it will put the motor 
behind it to work and agitate or vibrate the concrete so that it will 
compact and fill out the forms solidly. 

A concrete vibrator must be designed so that it will kick or move 
the material within a radius of 18 to 36 in. Speed alone will not ac- 
complish this. It is possible to put into concrete a vibrator revolving 
at 20,000 r. p. m. and find that it hardly makes any impression on the 
material. On the other hand, placing another properly designed vi- 
brator running at 3,500 r. p. m. into the same mass, the concrete is 
well vibrated and placed. Practically all vibrators on the market 
today use the same principle of revolving an out-of-balance weight on 
anti-friction bearings inside of a metal protecting housing which is 
inserted in the concrete. The energy of the motor is transmitted to 
the job of compacting the concrete through the out-of-balance weight 
which, in turn, is pounded through the anti-friction bearings into the 
housing of the vibrator and then into the concrete. The energy with 
which the concrete is vibrated depends upon the radius of the weight 
revolved, its specific gravity and the speed of the motor. 

Considering the fact that all this motor energy must be pounded 
through the bearings into the concrete, it is obvious that if this work 
can be accomplished at speeds of 3,500 r. p. m., it is much more prac- 
tical than a speed higher than this which would tend to destroy the 
bearings sooner and cause other mechanical failures in the equipment 
which would shorten the life of the machine. The reason many people 
believe that high revolutions are necessary is because with a given 
vibrator revolved at higher speed, more energy is used to vibrate the 
concrete, the power required to revolve the vibrator at the higher 
speed increasing as the square. In test, it was shown that a given 
amount of concrete could be compacted in a shorter time when the 
vibrator was speeded up. These same results could be obtained by 
using a vibrator operating at 3,500 r. p. m. which was larger and in 
which a heavier weight was revolved at a given’ speed, Of 3,000 T, pein: 
The motor naturally would be larger in horsepower and, hector the 
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energy transmitted into the application of vibrating or compacting 
the concrete would be greater and therefore less time would be taken 
to compact a given mass of concrete. 

In all our tests where the vibrator is properly designed, it boils 
down to the energy applied to the job of vibrating or shaking the con- 
crete mass, the amount of time required depending upon the amount 
of motor energy applied to the particular job. It is sometimes neces- 
sary to revolve a vibrator higher than 3,500 r. p. m. where a limited 
space of 2 in. or less is available for the insertion of the vibrator; also, 
to reduce the weight of the machine carried about by the operator. A 
small vibrator revolving at high speed weighs less for a given amount 
of applied vibrator energy. . 


Vibrators can be made easily to revolve at 10,000 r. p. m. However, 
it can be assumed that the vibrator will have a life of only one-third of 
that of one which is running at 3,500 r. p.m. We have made numerous 
tests in which we measure the amount of motor energy going into the 
concrete at various vibration speeds. We have found that it is neces- 
sary that the weight revolved inside of the vibrator housing be of 
high specific gravity in order that the proper results be obtained. As 
a result of our numerous tests, we think it not necessary to revolve the 
vibrator at higher speed than 3,500 r. p. m. for 90 per cent of all 
applicatioris. Probably on 10 per cent of the construction jobs it is 
advisable to run the vibrator at higher speeds because of the limited 
space of 2 in. or less in which the vibrator can be inserted. 


Discussion of the Report of Committee 501: 


“BuILDING REGULATIONS FOR REINFORCED CONCRETE’’* 


There was preliminary discussion of parts of the new Code at the 
31st Annual Convention, New York, and further discussion before, 
at and since the 32nd Annual Convention, Chicago, Feb. 1936, at 
which the new regulations, as there revised, were adopted as a ten- 
tative standard of the Institute. Insofar as discussion led more or less 
directly to revision it is not published and that portion of the dis- 
cussion here presented is from the viewpoint of further desirable 
revision of the Tentative Code—Ep1rTor 


STRESS IN FLEXURE NEAR A SUPPORT 


John R. Nichols (Boston, by letter): The Building Regulations 
tentatively adopted by the Institute in February 1936, provides in 
Section 305 for an extreme fiber stress in compression adjacent to 
supports of continuous or fixed beams or of rigid frames, higher than 
at other sections in bending. I question the propriety of such a higher 
stress and the justification for its use. 

Possibly I am in error in supposing this to be a survival of the 
ancient days when negative bending was ignored in the belief, or at 
least the hope, that such neglect was on the side of safety. Motive 
for continuing the practice is found in the considerable economy to be 
obtained by allowing a comparatively small excess in stress just for a 
short distance next supports. But this motive will hardly take the 
place of reasoning, if we are honest with ourselves, in any attempt to 
devise a comprehensive method of design that provides a uniform 
factor of safety at all sections and in all kinds of stress. The Building 
Regulations should aim to be no less. 

The use of a higher stress adjacent to supports is sometimes de- 
fended on two grounds, (1) that the practice over a period of years has 
not resulted in failure, and (2) that the excess in stress exists only for 
a short distance. 

The first of these defenses, if the fact is sustained by inquiry, might 
be offered to justify a higher compressive stress generally in bending 
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but will hardly, by itself, warrant picking out sections close to supports 
for exceptional strength. 

The second defense deserves more attention. Sections where fiber 
stress changes rapidly with distance from the section of maximum 
stress are sections of high shear, high diagonal tension. That is 
precisely what shear measures—rate of change of bending. Is there 
ground for believing that sections of high shear may safely bear ex- 
cessive compression? I know of none. I am aware that in a cross- 
section the points most remote from the neutral axis and hence most 
highly stressed in compression are points subject to minimum unit 
shear approaching zero, and that as the unit shear on the cross-section 
increases toward the neutral axis the unit compression decreases. 
Nevertheless, as between a section of zero shear and a section of high 
shear, there appears to be no reason for-conceding greater strength in 
compressive fiber stress to the latter. On the contrary here, if any- 
where, are to be found diagonal tension cracks which should be ex- 
pected to produce weakness rather than strength. 

As for the quality of the concrete in the bottom of beams near 
supports here is less assurance of excellence than almost anywhere 
else. Here, if anywhere, will be found sawdust, chips, dried concrete 
and debris splashed from the filling of columns. Reinforcing bars for 
negative bending and for diagonal tension furnish maximum inter- 
ference with the placing and consolidation of this concrete. The full 
depth of the beam from the tensile steel is less likely to be maintained ; 
the bars are apt to be trodden down. The concrete is fully exposed to 
lateral distortion or to accidental injury. It seems to have not one 
redeeming feature in its favor. 


Can I then have overlooked some important consideration which 
justifies high flexural compressive stress? That, of course, is entirely 
possible and the possibility is the reason for this discussion. Let the 
justification be brought forth and placed on record; or let us take such 
other action as may be consistent with our convictions. There is no 
place in engineering for wishful thinking. 


SHEAR AND DIAGONAL TENSION 


Paul Norton (Maginnis and Walsh, Architects, Boston): I hope 
I may be forgiven for being the voice of somewhat vehement 
dissent on Chapter 8, “Shear and Diagonal Tension.”” They say it is 
a difference of opinion that makes a horse race, and although present- 
day opinion hardly seems to attach to the construction industry an 
economic importance equal to that of racing, possibly an expression 
of disagreement may also be useful to the work of a committee con- 
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cerned with concrete construction. I do not altogether like this chap- 
ter. It seems to me unfortunate in that it emphasizes to such a degree 
formulas and the mechanics of computation, rather than the basic 
principles and physical conceptions that underlie the formulas. In- 
stead of beginning by prescribing that the beam must be satisfactory 
for the shear requirements, and then telling how it may be made so, 
this chapter begins with an algebraic formula by which we may com- 
pute the amount of shear existing in the beam; it tells what the com- 
puter must do, instead of what the beam must do. 


Then the title does not quite fairly represent the contents of the 
chapter; however, I would not have this corrected by changing the 
title; it would seem better to keep the text and change the sermon. 
Diagonal tension seems to me a very important part of this subject, 
and it is mentioned only in the caption—no direct reference to it any- 
where else. May I try to be constructive by submitting in brief 
outline what it seems to me should be the principal content of this 
chapter? It ought to begin with the statement that the member 
must, in some way, be made capable of resisting the diagonal tension 
in the web. Then I would like to have it set forth that, for purposes 
of design, at least, the physical conception shall be entertained that 
the diagonal tension is directed at an angle of forty-five degrees to 
the axis of the beam, and that its numerical measure is the intensity 
of the shear. And then it might prescribe a limit to the intensity of 
shear that is allowable in a beam that has no web reinforcement, and 
again a limit for that in a beam with web reinforcement. None of these 
statements is in the chapter, and they seem to me the most important 
ones of all to be made. Then I think another physical conception 
should be presented for the purpose of designing web reinforcement; 
that the web reinforcing bars, no matter in what direction they occur 
in the web, are to be conceived as affording for resistance to diagonal 
tension the components of their stresses which have the direction of 
that diagonal tension. Now if these things are said, Formulas 14, 15, 
and 16A will be inescapable; all the formulas will be inescapable, except 
Formula 16, and I shall lack enthusiasm for that formula until someone 
gives me a physical conception that it can be tied to. 

Professor Cross remarked yesterday} that the way of progress in 
reinforced concrete design lies in giving the designer more latitude. 
In the home town we have been trying to do exactly that in the 
formulation of a new building code. And we have found that the way 
to do it is to say less about how the engineer shall act, and more about 
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how the structure shall act; to say more about the design and less 
about the designer. It seems to me that the distinction will run through 
the formulation of all parts of a building code or of any code of practice. 
It applies to the chapter on Bond as it does to Shear; I think it may 
apply to other chapters. I am interested in progress in these things, 
and the’ point of view seems to me of real importance. Thank you 
very much. 
FLAT SLABS 

Walter H. Wheeler (Designing and Consulting Engineer, Min- 
neapolis, by letter): The Building Code of the American Concrete 
Institute is rapidly becoming the law of the land for reinforced con- 
crete design. It is therefore important that this code shall be in all 
respects fair and impartial and based upon “facts and experience as 
far as possible. Where experience or facts are lacking tests should be 
made as promptly as possible to develop the facts. 

Sec. 1001, paragraph C. This paragraph is being interpreted to mean 
that flat slab buildings cannot be built 2 panels wide. It should be 
made clear that such is not the intention. The writer has designed 
many buildings and some bridges with spans ranging up to 49 feet, 
all or part of which are two panels wide. Some of these structures 
have been tested, some have been in service as long as 27 years. 
Neither the tests nor the service have shown any indication of weakness 
in these structures. On the contrary tests have shown that a flat slab 
two panels wide is just as rigid as a structure three panels wide. In 
the designs the moments in the reinforcing strips running across the 
width of the structure were adjusted in the same manner that the 
moments in continuous beams or slabs would be adjusted for a similar 
condition. 

Similarly the writer has designed numerous flat slab structures with 
very irregular panels applying the common principles of balanced 
moments. Both tests and experience have shown that the results are 
entirely satisfactory. 

In this paragraph and elsewhere in the code special emphasis is laid 
on bending stresses in columns in flat slab construction. As a matter 
of fact both the interior and wall columns in a structure having girders 
running in one direction supporting continuous slabs running in the 
opposite direction are subjected to greater bending stresses due to 
unbalanced loads than they are in a flat slab structure. In the one 
way slab structure the entire unbalanced load acts to transmit bending 
stresses to the column in one direction; whereas in the flat slab struc- 
ture the load and consequently the moments travel to the column from 
all directions. The bending on the column is therefore divided into 
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segments acting in different directions, thus reducing the maximum 
bending moment in the column. 


The definition of a column capital as given in the code reads “An 
enlargement of the upper end of a reinforced concrete column de- 
signed and built to act as a unit with the column and flat slab.” I 
propose that a sentence be added to this definition reading as follows: 


“A framework of structural steel adequate for the same purpose.” 
Steel column capitals are being used. Tests have shown them to be 
equally as effective as the standard concrete capital. It will promote 
progress in the art to recognize steel capitals in the code. 


The formula for determining slab thickness as given in the code for 
slabs without drop panels is obsolete. As a method of approximating 
slab thickness for preliminary design purposes it may serve. It results 
in excessively thick slabs. There is ample test data to prove that to 
be true. The code has set up the unit shear and fiber stresses to be 
used as the basis of design. 


The basis is defined for determining negative moments over the 
columns and shear around the column caps, from which the theoretical 
unit stresses can be determined. There is ample test data to show that 
the theoretical unit fiber stresses are not approached in the actual 
structures. Experienced designers do not follow this rule of thumb 
method .for determining flat slab thickness. Such a method is not 
used for beam and slab or joist construction. Why put something in 
the code which is being constantly misinterpreted, and which penalizes 
such a useful construction as flat slab. 


I refer to published test data as follows: 


1. Deere and Webber Building, Minneapolis, Minn.: 4-way flat slab; panels 19 ft. 
1 in. x 18 ft. 8 in.; slab 933; in. thick; no drop panel; live load design 225 lb. per sq. ft.; 
test load 350 lb. per sq. ft.; maximum concrete stress in outer fiber due to negative 
moment at the column 800 p. s. i.; maximum steel stress 24,200 p. s. i. 


2. Curtis Leger Building, Chicago, Ill.: 4-way flat slab; panel 17 ft. 10 in. x 19 ft. 
0 in.; slab 8 in. thick; no drop panel; design live load 200 lb. per sq. ft.; test load 500 
lb. per sq. ft.; maximum concrete stress in outer fiber due to negative moment at 
the column 930 p. s. i.; maximum steel stress 11,500 p. s. i. 


3. U.S. Appraisers Stores Building, Baltimore, Md.: 2-way flat slab; panels 23 
ft. 11 in. x 23 ft. 9 in. adjacent panels 13 ft. 8 in. x 23 ft. 9 in. One panel tested where 
slab is two spans wide and one panel where slab is five spans wide; slab 13) in. 
thick; no concrete capital or drop panel, steel capital enclosed within depth of slab; 
design live plus superimposed dead load 275 lb. per sq. ft.; test load over 500 Ib. 
per sq. ft.; maximum concrete stress in outer fiber due to negative moment at the 
column 510 p. s. i.; maximum steel stress 7,000 p. s. i.; designed according to U. 8. 
Navy Code. 
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It will be noted that by the formula for slab thickness in the pro- 
posed code the Deere and Webber slab would have to be 10 in. thick 
or 1,3; in. thicker than it is. The Curtis Leger slab would have to 
be 9.7 in. thick or 1.7 in. thicker than it is. The U. 8. Appraisers 
slab would have to be 141% in thick or 1 in. thicker than it is. 


The water cement ratios set up in Table 302 (a) result in concretes 
that run 1,000 p. s. i., or more higher at 28 days than given in the 
table assuming that a good workable mix containing fine to coarse 
aggregate in the ratio of 2 to 34 is used. 


Discussion of a paper by Carl A. Menzel: 


“SrupIEs OF High PRESSURE STEAM CURING OF 


CoNCRETE SLABS AND BraAms’’* 


CONVENTION DISCUSSION 


A. L. Philleo (U. S. Engineers, Zanesville, O.): I should like to ask 
what per cent of silica is used as a substitute or admixture? 

Mr. Menzel: Some aggregates provide a portion of the silica needed, 
and for very lean mixes the aggregate often provides all the silica 
needed, but in the very rich mixes there might be a substantial de- 
ficiency. In that case you will have to supply it by adding fine silica— 
of about the same fineness as the cement. The amount of silica to be 
added in any one case can be reasonably determined by trial, and this 
method has been outlined in the second paper in the JouRNAL of the 
Institute in connection with the hollow concrete block studies (Sept.- 
Oct. 1935). We give a procedure there for determining the amount of 
silica for any type of aggregate and mix. 

J. H. Chubb (Penn-Dizie Cement Corp., New York City): What is 
the cost of the chamber that you would use—say 6 ft. in diameter and 
46 ft. long? 

Mr. Menzel: I have the approximate cost figures on a complete 
curing equipment consisting of a cylinder about 6 ft. in diameter and 
60 ft. long. That will require about a 40 h. p. boiler, and, with the 
auxiliary equipment, such as pumps, etc., the entire equipment can 
be installed for about $10,000, including the small building required 
to house the cylinder. That cylinder would be completely insulated 
to provide for a minimum cost for fuel. Such equipment (6 by 60 ft. 
cylinder) can cure approximately 1,000 8 x 8 x 16-in. units at a time 
and under some circumstances as much as 500 cu. ft. of cast stone. 
Cinder or Haydite units with a 12-hr. curing cycle, would permit 
steaming 2,000 blocks per day. Assuming a 200 day-a-year operation, 
you could steam, with such equipment, approximately 400,000 units 
per year. 
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Chairman Pearson: I understand the quantity of steam and the 
actual value of that steam, if you got it from another source, would 
not be very great as compared to the cost of the overhead and the 
engineer and the shell and everything else. 


Mr. Menzel: That is right; I am glad you brought up that point; 
if you are so favorably situated that you can buy your steam from some 
other source, you can reduce the cost of this steam curing equipment 
to about $7,500 and you can about cut curing costs in half. With a 
12-hr. cycle, the cost of steaming cinder or Haydite units would be 
about 11% cents, but if you can buy your steam at from 50 to 85 cents 
per 1,000 lb, steam curing costs are just about 34 cents per unit. 

With cast stone, the cost for steam curing would be ordinarily 
about 4 to 8 cents per cu. ft., but if you can buy your steam and 
eliminate the expense of the licensed engineer and fireman and other 
things, you can reduce the cost for cast stone to about 214 to 5 cents 
per cu. ft. Now these costs are based on intensive operations of the 
steam curing equipment. If the equipment lies idle, costs would in- 
crease. The costs I have mentioned are estimated, based on an assump- 
tion that the cost of the equipment, $10,000, is being written off in a 
10-year period, at an interest rate of 6 per cent. Some maintenance 
is also included. If some old sand-lime-brick equipment is used, costs 
would be lower in proportion to the lower investment charges. 

Earl A. Soloman (Penn-Dizie Cement Corp., New York City): You 
say you get no benefit above 350° F. 

Mr. Menzel: No benefit in time, it would take approximately as long 
to complete the curing, to obtain the same strength. We tried 400°F. 
which is nearly double the pressure. 350°F. corresponds to 120-lb. 
gage pressure, while only 50° higher corresponds to 200-lb. pressure. 
While we find no additional benefit from higher pressures, our tests in- 
dicate that by lowering the temperature to 3000° steaming for 40 
hours instead of 6 would be necessary to get the same strength. 

Mr. Soloman: Are those results available? 


Mr. Menzel: We did not think them important enough to publish. 
We are trying to keep the pressure down. If block made today can 
be used 24 hours later—block which are dry, white in color and low 
volume change and low susceptibility to leaching and efflorescence, I 
think that is as much as can be expected from curing. I think you 
should not go to these higher pressures. 

Mr. Chubb: What is the moisture content of the product after it 


comes out of the curing chamber, compared with the same product 
cured in the air for a week? 
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Mr. Menzel: That depends somewhat on the type of aggregate; if 
you have sand and gravel units, you can lose about two-thirds or more 
of the moisture present in the block at the time of molding; they come 
out comparatively dry and lose very little more moisture when ex- 
posed to the air such as we have in the laboratory, which is com- 
paratively dry air. Cinders and Haydite and the more porous ag- 
gregates have a higher moisture content; they would lose a little more 
moisture later but not very much. The units could actually be in- 
stalled in the wall as soon as removed from the steam chamber. 


George T. Dieckmann (Northwestern States Portland Cement Co., 
Mason City, Ia.): What mixture was used in the 8 x 8 x 16-in. block? 


Mr. Menzel: We had mixtures which we varied from lean to rich. 
I can give it to you in terms of cement content per block if that would 
mean anything to you. We had a cement content from a little less 
than three pounds per unit to about four and a half pounds per unit— 
from 20 to 35 block per sack of cement. 


Mr. Dieckmann: Jf with high pressure steam curing you can get 35 
blocks from a bag of cement as compared with 18 blocks with ordinary 
curing that would be a consideration. 


Chairman Pearson: I should like to cite our experience. Some years 
ago we were making studies along this line and we had no difficulty 
in getting 47 block per sack of cement. We aimed at two pounds of 
cement per block and got a block in 24 hours which passed specifications 
without difficulty. 


Benjamin Wilk (Manager, Standard Building Products Co., Detroit, 
Mich.): I would caution any one who attempts to make 47 blocks out 
of a bag of cement; our experience is that it is not a question of curing 
but of being able to put the block into the curing room. We can make, 
from the standpoint of strength, much leaner mixes than we use, but 
we do not, primarily because we cannot handle satisfactorily a block 
of the 47 to-the-bag type, especially when we are trying to make a 
light block. Today the tendency is to get low weight, and with low 
weight go thin webs, and with thin webs the tendency is toward more 
cracking as you handle the blocks. It is not a question at all in my 
mind of the strength you get from the curing process, it is entirely a 
manufacturing point—to be able to put the block satisfactorily into 


the kiln. 

Has any study been made of the difference in volume change be- 
tween the block made this way by high pressure steam curing, and 
blocks, say, that are cured 28 days? 
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Mr. Menzel: We did not make these studies directly on the concrete 
block, but we had established thoroughly from the other specimens 
and from the preliminary studies, that the volume change of concrete 
can be reduced from 50 to 75 per cent by curing under pressure at 
350°F. 


D. R. Collins (Portland Cement Association, Chicago): I believe this 
higher pressure steam curing is already getting practical application. 
I talked to a manufacturer three weeks ago who said he had closed an 
order that day for more than 500,000 units. His selling argument was 
based on high pressure steam curing, and he assured me that was only 
part of the orders he had received. 


B. E. Brevik (Portland Cement Association, Wauwatosa, Wisc.): Has 
any investigation been made as to absorption in high pressure steam 
cured products? 


Mr. Menzel: There was an appreciable difference between steam 
cured concrete and moist cured concrete. Steam cured concrete does 
not appear to be wetted near as easily as moist cured material; in 
fact, the surface seems for a while to be water-repellant. The ab- 
sorption total would probably be about the same for the pressure cured 
block as for the moist cured material under certain conditions, but the 
rate at which water is absorbed is apparently much lower with pressure 
cured blocks. 


Mr. Wilk: In your analysis of cost, Mr. Menzel, you said it was based 
on intensive production and that would mean two cycles a day. In 
making lighter weight units, using the more porous aggregates, would 
it be possible, from a commercial standpoint, to have two cycles a day. 

Mr. Menzel: Yes, it would. That was a 12-hr. cycle; we allow 3 hr. 
for gradual heating and 8 hr. for constant temperature and pressure 
and 1% hr. for pressure release; that makes 1114 hr., allowing another 
half hour for emptying the cylinder and filling it up again. The 
cylinder would be warm, so while the units were being rolled into the 
cylinder they would be gaining temperature, and as soon as they get 
in, the heating period would begin. You can actually get two cycles 
per day with porous aggregates. With dense aggregates—sand and 
gravel made usually of rich, dense concrete for exterior use—we believe 
that an 18-hr. cycle would be far superior to 12 hr. because there 
should be a safeguard against very fine surface checks; you cannot see 
them, but our tests with the solid slabs indicate that very probably 
they are there. They probably would not do much harm in interior 
use, but for exterior use we want to have the very finest concrete we 
can get to stand the weather. 
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W. A. Jennings (Southwestern Portland Cement Co., Osborn, O.): 
You get differences in color from different positions in the steam 
cylinder, do you not? 

Mr. Menzel: I think there is some danger of that, if you do not 
provide baffle plates which will deflect your condensation to the side 
of the cylinder. We were able to install a curved plate, in the upper 
half of the cylinder, about a half inch from the shell, and most of the 
condensation was deflected by this curved plate to the side of the 
cylinder. In that way we eliminated the possible stain from rusting. 
On the other hand, in a commercial products plant using pressure 
steam curing, I noticed no stain; I rather expected it, but we did not 
find it. 

M. H. McKenzie (Corn Products Refining Co., Chicago): What was 
the fineness of the silica as compared with the fineness of the cement 
used as a substitution? Second, did I understand you to say that your 
tests showed that you could replace cement with silica and secure 
equivalent strength? If that is so, how high a percentage of substitu- 
tion could be made? 

Mr. Menzel: The silica which is most effective has about the same 
fineness as cement. We went thoroughly into the question of the 
fineness of the silica. We made studies from sizes as small as five 
microns or less, and studied the effect of the progressive increases in 
particle size up to No. 48 sieve. We found we got the best results 
with a silica that was of about the same fineness as the cement. Now 
it is possible to get strength equal to or greater with silica mixtures 
than with ordinary cement when the aggregate contains no siliceous 
particles. That is not quite true in the case of excessively lean mixes, 
as we sometimes have them in concrete masonry units, but with rich 
dense concrete, such as might be used in cast stone, it would be de- 
sirable to use silica and in that case you might have to use 30 to 40 
per cent of fine silica with the cement. 

Mr. McKenzie: Did you determine any comparative costs between 
this silica and cement? 

Mr. Menzel: Silica varies in price in different parts of the country, 
but I think that the silica price will not be a big factor; it would 
probably be about the same as the cement or slightly higher. 

Mr. Dieckmann: Which silica do you recommend? 

Mr. Menzel: I believe you will get the best results and be on the 
safest side if you use a silica such as they have in Ottawa—ground 
silica sand. There are differences in silica, but I think they are not 
very great. We found similar reactions with silica bearing material, 
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but I am just a little afraid of using them when we can have available 
so readily the ground silica from silica sand. 

J. Clifford Evans (Nazareth Cement Co., Easton, Pa.): What is the 
difference between steam curing at 350° and simple heating in air to 
350°. Does*the steam supply moisture to the block? 

Mr. Menzel: The curing of concrete depends on three essentials; 
time, favorable temperatures and the continued presence of moisture. 
In steam curing we accelerate the chemical reaction between water 
and cement and we have an auxiliary reaction between the lime liber- 
ated between the hydration and the hydrolysis of the cement and the 
silica present. Now moisture is an essential for all curing of concrete. 
If you should take concrete and expose it to hot air at 350°F. you 
would have some very disappointing results. You use the saturated 
steam to insure that the concrete will be cured in the continued presence 
of moisture. I think that is the difference between steam curing and 
oven curing, as you might call it. You are sure that the concrete will 
not be robbed of the moisture so necessary to complete the chemical 
reaction. 


Discussion of a paper by R. E. Copeland and C. C. Carlson: 


“TESTS OF THE RESISTANCE OF CONCRETE MASONRY 


WALLS TO THE PENETRATION OF RAIN’’* 


CONVENTION DISCUSSION 


H. Vanderwerp (Medusa Portland Cement Co., Cleveland, O.): I think 
Mr. Copeland’s paper is very timely. During these depression years 
there has not been much construction, and we all confidently believe 
that there is a considerable deferred demand in the offing. The extent 
to which concrete will share in this construction work will depend, of 
course on the service it can render. The objections to concrete have 
largely been that it is a drab looking and porous material. Now if we 
can, by painting the surfaces, meet these objections and render the 
walls relatively impervious to moisture and give them color, probably 
we could increase the demand for concrete. That being the case, it 
would seem that it is extremely important to do this properly. A few 
years ago when stucco construction was coming into vogue, we had 
many kinds of stuccos. A number of them failed. We now have many 
kinds of cold water paint having various properties. Would it not be 
properly the function of the American Concrete Institute to devise a 
specification for a portland cement paint, or a paint, let us say, and a 
method for applying it, that would give these results that Mr. Cope- 
land’s paper indicates are possible? I should like to offer that suggestion. 


George P. Dieckmann (Northwestern States Portland Cement Co., 
Mason City, Ia.): Mr. Copeland’s paper makes me feel awfully bad, 
if we have to admit that we have to paint our concrete masonry. 
There is no reason, with proper mortar joints and proper mortar, why 
a concrete block basement wall should not be dry. You could not 
paint a basement from the outside. In the city of Minneapolis, which 
is one of the greatest consumers of concrete masonry, it would be 
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practically impossible to put this thing over. We have got to make 
concrete products which are water tight and which are durable. If 
we have to admit that we have to paint them, why, we decrease the 
consumption of concrete blocks. 


Mr. Copeland: Basement walls usually are not so exposed to rain 
and it is general practice in the construction of concrete basement 
walls either to plaster or cope the outside. This particular investiga- 
tion was conducted with reference to walls above grade and which are 
exposed to rain. Ass result of our tests, which were made on a large 
range of types of units, mortars, etc., it was our conclusion that, under 
severe rainstorm conditions which we simulated, concrete masonry 
walls will leak. I think that it to the advantage of concrete products 
manufacturers to sell a type of construction which they can guarantee 
will not leak unless the surface is made watertight with stucco, paint, 
or other effective coating. Undoubtedly there are many examples 
which products manufacturers can point to that have proven entirely 
successful and have never leaked. There are also many jobs which 
have leaked, which we have never heard about and which are acting 
to retard and restrict the sale of concrete masonry because people 
tell their neighbors about it and the neighbors tell their neighbors and 
“concrete is handicapped in that respect. Painting is not an expensive 
treatment, it is extremely effective, it has advantages from an archi- 
tectural standpoint. We must not assume that other types of masonry 
units or walls constructed of those units do not leak, because we 
know that they do leak. The problem is not confined to concrete 
masonry. 


Frank Muenzer (Multiplex Concrete Machine Co., Elmore, O.): I 
have been experimenting in the last four years on block made with an 
oscillated face. With a glass tube sealed into an oscillator block, I 
subjected it to ten pounds water pressure for 36 hours, and no water 
penetrated to the back of the block. 


Mr. Copeland: That is very interesting, and our results show there 
was some beneficial effect from the oscillation of the unit. However 
there is a difference between the effect of hydrostatic head on a masonry 
wall and the combined action of wind and rain. 


D. E. Parsons (National Bureau of Standards, Washington, D. C.): It 
appears that the Portland Cement Association has undertaken an 
investigation similar to one started at the Bureau of Standards about 
nine months ago. The work of the Bureau was sponsored by and is 
being supported by four of the governmental agencies. The Bureau 
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is making tests of walls of brick masonry, walls with brick masonry 
facing with a back of clay tile or concrete units and walls with stucco 
facings. The tests thus far made have included exposure to capillary 
action and exposure to water with air pressure. The method of apply- 
ing the pressure is somewhat different from that used by Mr. Copeland 
and his associates, but the effect should be nearly the same. We 
adopted the scheme of applying a static pressure to the exposed face, 
a pressure equal to five pounds per square foot, which is somewhat 
greater than that being obtained in the tests by Mr. Copeland. That 
method was chosen so that, if the opportunity offered, we would be 
in position to repeat the test in the next year or two years or five years 
hence, after having exposed the masonry to weathering conditions. 
The results thus far obtained indicate a wide divergence of behavior 
of the masonry walls under exposure to wind and rain. Dampness 
penetrated some walls in three minutes or less; others remained dry 
during exposures of more than one week. The results indicate con- 
clusively that the most important factors are workmanship, the way 
in which the joints are filled. The differences in the properties of 
bricks and the properties of mortar are relatively insignificant in 
comparison with the effect of the workmanship. Like Mr. Copeland 
and his associates, we have found that stucco facings provided excellent 
protection to the wall against wind and rain. The time period required 
for water to come through an eight inch wall with stucco face has 
varied from approximately one day to fourteen days in our tests. 
Thus far we have not made tests on walls of concrete masonry units; 
they are on the program and we hope to have the results in the next 
year. 


A. 8. Douglass (Construction Engineer, Detroit Edison Co., Detroit): 
I appreciate very greatly, as a user, the work being done; it is of tre- 
mendous practical value. However I feel that it may be too subtle 
to be solved by the laboratory type of research, and I feel that a 
suggestion directed toward initiating a different type of research may 
be of value. Mr. Parsons suggested the feasibility of conducting such 
a research as I have in mind, namely, a long time field record, followed 
by observations, putting competent observers on to actual masonry 
work, recording carefully and minutely the type of workmanship, the 
ingredients and proportions; all those details which are so numerous, 
and then from year to year and for many years thereafter observing 
performance. I am convinced of the necessity of that sort of research 
from having observed initmately for some years, an attempt to solve 
this problem practically in the field. I think this matter of seepage 
correlates itself closely with the matter of efflorescence in the masonry. 


758 JOURNAL OF THE AMERICAN CONCRETE INsTITUTE—Proceedings 


In one building, at a corner we observed utterly different performance; 
same brick, same mortar, same brick mason, same weather, same 
locality; on one face we had efflorescence and on the other we had no 
efflorescence. Why? Of course the weather exposure is obviously the 
answer, but what is the difference? Where is the dividing line? 
Certainly that demonstration proved that the whole solution does not 
lie in the brick, mortar or workmanship, all of them in that case being 
identical. I am sure that others who have watched the matter of 
efflorescence carefully, (I regard efflorescence as a part of or very 
closely allied to this problem) have doubtless noticed that under 
window sills of cast stone or natural stone you will get heavy efflor- 
escence, while in pilasters running the height of the building between 
windows there will be none. Again you have many factors which are 
identical. Why the difference? Under some window sills you won’t 
get it and under others you will. One thing we have tried seems to 
correlate with other observations. We have inserted under coping 
stones (I am referring to the design now so prevalent—the corniceless 
design so much used today—no overhang, no protection for the 
parapet masonry) a copper strip protruding about an inch and a half 
and we have found that very effective. In a large building we have 
inserted such a strip and adjacent to it on the same exposure, left a 
stretch where we have not inserted this strip, and the benefit of that 
inch and a half umbrella is very decided. I should like to repeat the 
suggestion that some organizations such as the Bureau of Standards 
or the Portland Cement Association initiate over a long period such a 
field follow up observation. I should like to add also that it is my 
conviction, corroborating what has just been said in a different manner, 
that the careful tooling of masonry joints is one of the most important 
things that can be done. 


Ben Moreell (Commander, C. E. C., U. S. Navy, Washington, D. C.): 
Mention of the work at the National Bureau of Standards brings my 
department into the picture. We are one of the four participating 
departments sponsoring these tests; in fact, the Navy Department 
initiated these tests, and the reason is that we made such a survey as 
Mr. Douglass suggested and found such a condition of affairs that it 
would be very little exaggeration to say that practically all masonry 
walls exposed to hard rain and wind leaked. Now what is the cause 
of that leakage? We feel that a good deal of the leakage occurs not 
because of the character of the masonry units but because of the poor 
workmanship. We found that it pays to flash openings and that is 
what we are doing. We found that one prolific source of leakage 
was the practice of supporting floor joists and floor beams on the wall 
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and decreasing the thickness of the masonry at those points without 
any attempt to waterproof the interior surface. It is difficult to 
get to that surface on a job; it costs money. We also found that 
tooling the joints would reduce leakage. As a result of our observa- 
tions, we drew up a code of practice for the construction of masonry 
walls, which provides for a minimum cover of masonry over Joists 
and floor beams, the flashing of openings, tooling of joints, a certain 
maximum thickness of joints, and it provides certain mortar com- 
positions. Then we decided that the safest thing to do after taking 
all these precautions was to provide for draining the water from 
the inside of the building after the walls leaked, and that is what 
we are doing. And then, to provide an added factor of safety, we 
inaugurated this cooperative research at the National Bureau of 
Standards. 


In connection with Mr. Copeland’s paper, one point brought out 
might well stand some elaboration. I notice that he directed the flow 
of air at an angle of approximately 45 degrees, using a velocity of 25 
m. p. h. Some of Mr. Copeland’s statements left the impression that 
this represented severe exposure conditions. You gentlemen probably 
know. that the usual practice, at least the usual Navy practice, in 
northern climates is to design for 30 lb. of wind pressure. It is 
usual for rain to accompany the wind. Now using the 25-mile wind 
that Mr. Copeland used, I think it figures 214 lb. per sq. ft. If you 
apply the correction for the angle of incidence between the wind and 
the wall, it is reduced to something like 134 Ib. per sq. ft., which is an 
extremely low pressure. We find that we have higher winds than that, 
a good deal higher; so we design our structures for higher pressures. 
In basing conclusions on the values of the various walls, I believe it 
would be prudent to bear in mind that they are relative values. 
At the National Bureau of Standards it is obviously impracticable to 
use a wind velocity that would give a pressure of 30 lb., and the 
probability is that such a high velocity is not needed; that would be 
about 88 m. p. h.; but we recognize that fact and our object in in- 
terpreting the tests from the Bureau of Standards will be to determine 
relative values rather than absolute values. We do not intend to 
say when a certain wall indicates no leakage under the conditions 
of the tests at the National Bureau, that that wall is going to be free 
from leakage in actual practice. 

L. W. Walter (Erie Railroad Co., Jersey City, N. J.): A railroad 
freight terminal warehouse built several years ago in Ohio, 5-stories, 
concrete with brick curtain walls, fairly well constructed—developed 
leakage at the joints between the brick curtain walls and the concrete 


760 JOURNAL OF THE AMERICAN CoNCRETE INstrTUTE—Proceedings 


columns and beams. We did not experience water coming in during 
the average thunderstorm, but when we got a rain of longer duration, 
such as we get with a northeaster, with wind of considerable driving 
force, the water came through in places and ran down on the floor. The 
leakage was considerable. Freight of a nature that moisture would 
damage, was sometimes stored in the building and our problem was to 
stop the flow of water at these joints only; we had no trouble with water 
coming through the curtain wall or elsewhere in the building other than 
the joints between the brick and the concrete. After trying to stop the 
water from the outside, I suggested the use of asphalt emulsion applied 
in a narrow ribbonlike strip along the joint at the line of contact be- 
tween the brick and the concrete. We used the generally accepted best 
way of applying asphalt, which was to dampen the surface first so as 
to avoid the rapid evaporation of water from the emulsion, and we 
gave it in some places three coats, in some places four coats with 
pleasing results. In this particular building, we were not much con- 
cerned about the inside appearance. Had we been interested in the 
inside decorating, I would have suggested applying a coat of aluminum 
paint to the asphalt emulsion, and thereafter you could put on almost 
any sort of paint. However we did not do this, so I cannot recom- 
mend this unqualifiedly as a good method for stopping such leaking. 
In this one particular case it was a success. 


Chairman J. C. Pearson (Director of Research, Lehigh Portland Ce- 
ment Co., Allentown, Pa.): If I interpret Commander Moreell’s 
remarks correctly, he was rather defending the laboratory type of 
study, even though Mr. Douglass perhaps intended to discount it 
somewhat. Perhaps as a laboratory man my sympathy is the other 
way, because as we grow older and get more experience, we are less 
inclined to look to the laboratory investigation to solve any problem 
finally—it does not make much difference whether we are developing 
a new product or trying to find a cure for some constructional fault, 
no matter what sort of investigation you have in the laboratory, you 
generally have to take it into either the plant or the field to get the 
final answer. The great object of the laboratory investigation is to 
get the leads at the least possible expense of time and money. 


AUTHORS’ CLOSURE 


The authors thank the various discussers for their constructive 
comments concerning the report and the general problem of building 
watertight masonry structures. 

In “‘high-lighting” the similar investigation now under way at the 
National Bureau of Standards, Mr. Parsons gave us something to look 
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forward to with great interest. We concur in his observation con- 
cerning the importance of workmanship. In our experience small 
channels or passages left between the masonry unit and mortar 
generally will result in copious leakage. These defects will occur with 
improper or careless workmanship regardless of the kind of materials 
employed. 


Mr. Parsons raised the point of the difficulty of obtaining and pre- 
serving even air pressure or wind velocity. We were perhaps for- 
tunate in experiencing very little difficulty on this score. During the 
investigation the velocities were checked frequently, readings being 
taken at four points in the cross sectional area of the duct about 12 
in. from the wall face. Reasonably constant velocity conditions pre- 
vailed throughout the investigation. 


The remarks by Mr. Douglass were timely and illustrate the com- 
plexity and, to a certain extent, indefiniteness of the problem. The 
development of a highly rain-resistant masonry wall construction is 
only one phase in obtaining masonry buildings which do not leak. 
Messrs. Douglass and Walter called attention to some of the details 
which must receive special consideration. 


Both Commander Moreell and Mr. Pearson question the severity 
of the test exposure based on their belief that higher wind velocities 
frequently occur with rain. 

The selection of the 25-mile wind velocity was based originally on 
limited data but since has been substantiated by an extensive survey 
of rain intensities and accompanying wind velocities conducted 
principally with respect to nine cities: Chicago, Cleveland, St. Louis, 
New York, Washington, D. C., Jacksonville and Miami, Florida, 
Galveston, Texas and New Orleans. These cities were chosen because 
of their geographical and climatic differences, population importance 
and probably completeness and length of climatological records. All 
data were extracted from records of the United States Weather 
Bureau and with the assistance of that Bureau. Length, of periods 
studied varied from seven years for Cleveland to from 16 to 20 for the 
other cities. 

The survey showed that of the 1,759 rains of one inch or more total 
precipitation recorded for these cities for the periods covered, all 
but 36 were accompanied by winds whose recorded 24-hour average 
velocity was less than 25 miles per hour. Considering these rains 
the test wind velocity is equal to or greater than the average velocities 
which accompanied 98 per cent of the rains and is somewhat lower 
in the case of 2 per cent of the rains. 
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Twenty-one of the 36 winds which averaged more than 25 miles per 
hour occurred at New York City and the average velocity of these 21 
winds was 29 miles per hour which does not greatly exceed the velocity 
used in the test. 

It was not practical to simulate the fluctuating velocity and chang- 
ing direction of natural winds in the test procedure and a constant 
wind velocity continuously applied on the wall face was employed. 
The constant and continuous character of the test wind seemed to 
correspond more closely with the average 24-hour velocities of wind 
accompanying rain than to any other velocity value of such winds. 
Since maximum velocities frequently are sustained only for relatively 
short periods they were disregarded in favor of the average velocity 
values in determining the proper exposure to use. 

The angle of incidence employed is believed to follow to a large 
extent actual conditions where the rain is directed at an angle much 
of the time due to the natural shifting of the wind and to the turbu- 
lence and directional interference caused by the surrounding struc- 
tures, trees, shrubs and other obstructions. 


Discussion of a paper by W. H. Herschel and E. A. Pisapia: 


“PRactors OF WORKABILITY OF PORTLAND CEMENT 


CONCRETE’’* 


J.C. Sprague (U. 8. Engineers, Huntington, W. Va., by letter): The 
paper presents valuable data on workability and, although not solving 
the problem, takes us one more step from that state of affairs described 
so aptly by Jackson and Kellermann“” as follows: 

“In spite of strenuous efforts on the part of many investigators, no satisfactory 
laboratory test for workability has as yet been developed. Furthermore, this whole 
matter of workability is tied up so intimately with methods of handling and finishing 
used on the job that it is impossible to set up any laboratory standard which will give 
more than comparative results.” 


The authors have brought out the fact that the workability of con- 
crete has a number of aspects. Harshness, shear resistance, adhesion 
and mortar loss tests have all been presented as measuring some facet 
of the workability of concrete. In the first paragraph of their paper, 
the authors have made it clear that the methods described were not 
given as fulfilling “all requisites of the needed test procedure or as 
yielding numerical values indicative of workability 4 


Since that elusive property of concrete, workability, is very much 
in the limelight today, it is thought that a few remarks on the various 
aspects of workability as presented in the paper and in connection 
with a test developed by the writer, might prove of some interest. 


Powers’) has given a definition of workability as follows: 


Workability is that property of a plastic concrete mixture which determines the 
ease with which it can be placed and the degree to which it resists segregation. 
Pearson” says: 

More attention should be devoted to the study of segregation, which is after all 
the final and necessary test of adequate workability : : ; a complete 
analysis of the constituents of freshly placed concrete is not necessarily required for 
its solution; in fact there are various indirect methods which may be simpler and 
less subject to error. 

*JourNAL, Amer. Concrete Inst., May-June 1936; Proceedings, Vol. 32, p. 641. 


(11) “Studies of Paving Concrete,” Public Roads, Vol. 12, No. 6, August 1932. 
(2) “Studies of Workability of Concrete,” by T. C. Powers, JouRNAL, Amer. Concrete Inst., Feb- 


ruary 1932; Proceedings, Vol. 28, p. BNO ‘T. 
(1) References (1) to (10) will be found with the original paper. 
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Near the beginning of their paper, the authors stated that “any 
concrete of whatever richness or leanness, or howsoever proportioned, 
may have its water content adjusted to give any desired flow within 
reasonable limits . . . ” About two years ago the writer had an 
experience which does not seem to agree with this. For a given grada- 
tion of coarse aggregate, the water content could be changed as much 
as 5 gal. per cu. yd. of concrete without affecting the slump or flow 
of the mixture. This condition obtained when the aggregate was 
poorly graded, and was explained .by the fact that individual 
particles of coarse aggregate interfered with each other and set up an 
“arch action” which made it impossible for the concrete to slump or 
flow. As soon as the aggregate was graded properly, changes in flow 
followed changes in water content. The concrete which showed no 
signs of being mobile with changes in water content was definitely a 
harsh mixture, and a measure of harshness such as that proposed in 
the paper (Fig. 1) would probably have brought out the different 
degrees of harshness resulting from changes in gradation of the ag- 
gregate. At that time, however, variations in the harshness of the 
concrete were measured by water-gain, or bleeding action of the mixing 
water. It was observed that considerable water rose to the surface 
in the harsh mixture, whereas those concrete mixtures which were 
plastic and had cohesiveness (stickiness) showed comparatively little 
water-gain. 


As a result of these observations, and of a need for evaluating quan- 
tities of various commercial fines to be used in lieu of natural fines 
lacking in concrete fine aggregate, a test procedure was developed 
whereby the bleeding action of mixing water from fresh concrete 
mixtures was measured. The mechanical principle of the so-called 
“water-gain” table, used in the test, is the same as that of the flow 
table; but instead of measuring the flow of the concrete, the water 
rising to the top of the mixture is extracted and weighed. The ex- 
tracted water, divided by the weight of the original water content, is 
the percentage of bleeding. 


It was found that the bleeding of mixing water varied over a wide 
range for different mixtures having the same degree of mobility. The 
mobility of the concrete mixtures was controlled by a remolding test, a 
modification of the test developed by Powers”), The slump test was 
used as a check on the remolding test. The results of bleeding tests 
for a few of the mixtures investigated are tabulated below: 
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Mix Designati 
Determination -1 a pigksonase — 
2 A B Cc D E F G H 

Remolding Effort......| 18 17 18 18 a 

(No. of Drops) 7 = a a 
Slump—Inches........ 2.8 2.9 3.0 3.0 3.0 2.9 3.0 3.3 
Water-Cement Ratio... 0.90 0.90 0.93 0.95 1.05 1.10 1.08 1.20 
Per Cent Bleeding at 

120 Minutes i... 13.2 8.6 13.8 13.1 14.3 11.4 13.6 18.7 


Mixes A and B were for a natural sand and crushed limestone coarse 
aggregate; C and D represent concrete mixtures in which blended fine 
aggregates consisting of natural and crushed sand were used with 
limestone as a coarse aggregate; H and F were all limestone aggregate 
concretes; Mix G consisted of a sandstone fine aggregate and limestone 
coarse aggregate; and H was an all sandstone aggregate mixture. It 
will be noticed that the per cent bleeding ranged from 8.6 for Mix B 
to 18.7 for Mix H; and that the water-cement ratio was increased 0.30 
to give equal mobility. It does not, however, follow from this that 
the increased water content was the cause of increased bleeding. In 
some cases the opposite trend occurs. 


In other tests which were made to evaluate the effect of sub-sieve fines 
on bleeding action only in concrete mixtures, it was found that the 
per cent bleeding ranged from 1.7 to 10.0 per cent. In this case no 
attempt was made to control the mobility of the concrete. 


While the tests referred to were confined largely to effect of fine 
aggregate, and of sub-sieve fines, on water-gain, it is tentatively 
suggested that a test which combines a measure of mobility and of 
bleeding action might serve as a measure of workability as defined 
by Powers”) and Pearson”. It is an axiom as old as concrete itself 
that workability of concrete is a function of the gradation of its com- 
ponent parts. Further, it is logical to believe that particle inter- 
ference and segregation in concrete are caused largely by poor grada- 
tion. If we continue, then, with a premises that water-gain in concrete 
results from segregation and particle interference, the natural in- 
ference is that bleeding of mixing water and a measure of mobility 
will measure two or more of the different facets of workability. These 
last two assumptions are unsupported by results of actual tests, al- 
though the writer now has a series of tests under way in this con- 
nection. It is believed that the phenomenon of bleeding is closely 
associated with workability, or rather with the property of cohesiveness 
(stickiness) which is one of the attributes of workability. 
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The bleeding tests is suggested primarily as a segregation test be- 
cause the water is the one thing that separates most readily and ob- 
viously, and in most instances this is directly in line with workability. 
This is also quite in line with the well known properties of porous 
substances, in which permeability is more a function of pore size than 
percentage of pore volume. It seems quite reasonable that a relation 
does exist between the bleeding of concrete and the harshness and 
segregation in the mix, assuming of course that no more mixing water 
has been used than is necessary for the required mobility; certainly it 
would seem undesirable to use concrete which shows excessive bleeding 
because in such concrete, lack of homogeneity may result. Rather 
would it seem desirable that the mixture be such that it is just on the 
verge of bleeding, for when in this condition, just enough fines have 
been used to retain the water and not too much to require an excess 
of water because of their presence. 


In this discussion it has not been attempted to analyze the data 
presented by the authors—suffice to say that a very definite effort 
has been made to find a measure of workability. It is hoped, however, 
that the comments contained herein may prove of interest, and that 
they may suggest a way to a simplified measure of the more important 
of the various aspects of workability. 


AUTHORS’ CLOSURE 


Replying to comments of Mr. Sprague, it is known that in general, 
for a given mix, there is a decrease in flow with a decrease in water 
content. However, we have found and we believe it is fairly well 
known, that with very harsh mixes the flow can not be reduced below 
a certain value, as the flow increases with a further decrease in Water 
content. What is needed is a method of measuring wetness which (in 
contrast to the slump and flow tests) is not influenced by shear re- 
sistance. Such a wetness test might then be expected to show the 
effect of variations in water content, no matter how harsh or dry the 
mix. 


Discussion of a paper by George A. Maney: 


¢ 
‘ANALYSIS OF MuLTIPpLeE SPAN Ricip FRAME BRIDGES 


BY THE SLOPE DeFLEcTION Merruop’’* 


L. T. Wyly (Structural Engineer, Meredosea, Ill., by letter): This paper 
by the originator of the slope deflection method is characterized by com- 
pleteness of treatment and simplicity of method. It should further 
advance that development of rigid frames of concrete which, according 
to E. J. Mehren,® has largely been stimulated in America by Pro- 
fessor Maney’s original development of slope deflection in 1915 and 
somewhat later by Professor Cross’ variant moment distribution 
method.®) Elsewhere the writer has outlined the main steps in the 
evolution of this basic and flexible method of analysis.” He desires 
here to discuss briefly one or two assumptions made by the author in 
his paper. 


Assumption No. 1—Moment of Inertia of Section. The assumption 
made by the author applies to slab structures. However, frequently 
use is made of T-beam or of slab-and-girder units and convenient 
assumptions are made as to the moment of inertia of the combined 
section. So far as the writer knows, no experimental evidence has yet 
been published on this question. More definite information on this 
matter is desirable. 


Assumption No. 4—Span Lengths—The author has assumed clear 
spans in his analysis, demonstrating that this assumption gives results 
closer to those obtained by arch analysis than the center to center 
assumption gives. The writer desires to extend the slope deflection 
method a little to investigate this question more closely for the frames 
treated. 


*JouRNAL, Amer. Concrete Inst., March-April 1936; Proceedings, Vol. 32, p. 495. 

() “Concrete, Yesterday, Today and Tomorrow,” E. J. Mehren, Journat, Amer. Concrete Inst., 
March-April 1935; Proceedings, Vol. 31, p. 345. 

(2) “Secondary Stresses and Other Problems in Rigid Frames—a New Method of Solution” by G. A. 
Maney, Bulletin No. 1, Engineering Studies, Univ. of Minnesota, March 1915. 

(3) ‘Analysis of Continuous Frames by Distributing Fixed-end Moments,” Hardy Cross, Trans- 
actions, Am. Soc. C. E., Vol. 96, p. 1. 

(4) Discussion by L. T. Wyly on ‘Successive Elimination of Unknowns in the Slope-Deflection 
Method,” John B. Wilbur. Proceedings, Am. Soc. C. E., August 1936, p. 921. 
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Fie. 3 


Attention is directed to Fig. 1. For an accurate solution, the sum 
of moments should be zero at the center of the Joint J4 instead of at 
the faces of supports. Also the moments at faces of supports will be 
correct if computed on basis of clear spans (as used by Professor 
Maney) modified by use of angle of joint rotation 04 obtained by con- 
sidering equilibrium about center of joint as above and by inclusion 
of the amount that the end of the members are shifted, normal to their 
axes, at the faces of support by the joint rotation; i.e., the A term. 
Adhering to the author’s terminology, and adding the following: 


770 JOURNAL OF THE AMERICAN CoNncRETE INSTITUTE—Proceedings 


Mysan = moment at center of joint J4 due to stresses in beam AB at support A 
and to any loads acting between center of joint and face of support. 

Mya, = sum of moments from all members and loads at joint J4 as above. 

Me = sum of moments about joint J4 due to loads acting between center of 
joint and face of support A. 

V. = shear from loads on simple beam AB. 


Then the equation for moment about center of joint from stresses in 
member AB and from loads between center of joint and face of support 
A is: 


Yi 
Mie | EY) + | x Mat me 
AB 


USE AYER 
Lap 


Myap 


ll 


M 
) +. Mpa —— $-VoMas-P Me 


Man ( = 


Placing the sum of all moments at a joint center equal to zero, we ob- 
tain an equation in terms of 0, and known As, and moments at faces 
of supports are obtained by the author’s method. The value of 64 
may differ from that obtained by the author’s procedure. 


To illustrate the influence of the various factors Fig. 2 and 3 are 
given, applying the above analysis to the one span and two span 
symmetrical cases for dead load only as given by the author. It will 
be noted that for symmetrical loads on the frames under consideration, 
the moments at all points agree very closely with those obtained by 
Professor Maney with his clear span assumption, except at top of the 
end verticals, where the moments given by the writer’s assumptions 
are appreciably larger. This difference illustrates the influence of the 
height of the vertical and also of the length n. The writer would 
suggest that the procedure he has used here may be advantageously 
utilized to estimate the probable error at exterior columns under 
symmetrical loads, and at other critical points under partial or un- 
symmetrical loads with the clear span assumption. Finally, it would 
seem that the center to center assumption would not apply in any case. 
The error with the center to center assumption is particularly notice- 
able in the positive moment in the beam spans. 


The procedure used by the writer above, may also be employed for 
other purposes. He has found it advantageous in analyzing secondary 
stresses in trunnion column frames and the rear end of bascule trusses 
where the gussets are large compared to the lengths of the members. 
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Assumption No. 6—Rib Shortening from Shrinkage and Temperature 
Effects—It seems desirable that more accurate information be ob- 
tained by experiment or direct measurement on the amount of rib 
shortening to be expected from these two sources. In 1915, F. R. 
MeMillan established experimentally that shrinkage of a serious 
amount takes place in concrete after setting.© In 1929-30, Professor 
Maney made extensive investigations on this subject and not only 
measured shrinkage separately from plastic flow but determined the 
quantitative value of the former. Professor Maney’s experiments 
were performed in a laboratory, protected from the weather, and on 
relatively small sections compared to the rigid frame bridges under 
consideration here. It would seem to the writer that the shrinkage 
to be expected in a structure built under weather conditions and of 
rather massive sections, would not necessarily be nearly so large as 
that found by the author in his investigation. It is to be hoped that 
the author will find it possible to extend the investigation to cover 
such factors as the relative size of section, the effect of weather and 
of frequent wetting from rain or ground water in fills, ete. 


Similarly the effect of temperature should be more definitely known 
in terms of size of structure, location geographically, and time of year 
during which construction takes place. The effect of temperature 
should be measured from the temperature at which permanent set 
first takes place when the concrete is poured, and this is not necessarily 
at all the normal temperature of the locality. 


In this connection, the writer wishes to commend the author for his 
very practical and desirable suggestion for allowing adjustment in the 
structure of three span or more units for these effects. 


The author has rendered a service to the engineering profession by 
presenting in clear and concise form in one paper a general solution 
of the rigid frame problem by this basic and very useful method. 


H. G. Overholt (Asst. Bridge Engineer, Minnesota Highway Dept., 
St. Paul, by letter): Professor Maney’s paper is the most valuable 
contribution from the designer’s standpoint on rig'd frame analysis 
that has come to hand. The treatment of the single span problem with 
it’s complete illustrations and comparisons and the useful constants 
supplied in the charts of Fig. 1, 2, 5 and 6 covering both uniform and 
standard truck loadings, permits a rapid determination of a suitable 
tS apd Time Bios i Wsintoroe Concrete” F. R. McMillan, Bulletin No. 3, Engineer- 


(5) ‘Shrinkage of Concrete as a Factor in Compressive Steel Stress,’’ G, A. Maney, Engineering and 
Contracting, August 1929, June 1930. 
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frame for final analysis. Although this paper deals with the slope 
deflection method, the writer’s conclusion is that the two-hinged arch 
analysis is preferable for final analysis for the single span problem, 
since no corrections for camber are needed. It is clearly unnecessary 
to resort to any method of successive approximations when only one 
unknown (value of horizontal thrust) is sought which is the case for 
symmetrical single spans. The complete solution given in Fig. 9 con- 
firms the above opinion. 


In the twin-span and triple-span cases dealt with in Case 2 and Fig. 
12, 13 and 14 and onward, the problem of design takes on a different 
aspect. The two-hinged arch method becomes laborious and the 
method of moment distribution, which contains no inherent check, 
leaves one with the feeling that a little prayer should be appended to 
the computations before they are filed away. The designer may then 
turn to the slope-deflection method as illustrated in Mr. Maney’s 
paper. The procedure is direct and relatively simple, but more 
important than this is the fact that the necessary physical concepts 
and visualizations may be carried along with the set-up of the equa- 
tions. 


Joseph A. Wise (Associate Professor of Structural Engineering, Uni- 
versity of Minnesota, by letter): The paper presented by Professor 
Maney is a fine contribution to the subject and enables the slope- 
deflection method to be applied with ease in practice. 


The curves given in Fig. 1 and 2 are compressed into a small space 
and are difficult to read with sufficient accuracy. It is suggested that 
larger diagrams would be helpful. The curves for ks and k;, Fig. 1, 
are not quite accurate. 


The values of the various constants can be calculated from the 


following equations, which were derived by direct integration of the bs 
curves. I 


In Fig. 1, 
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In these and in subsequent formulas 
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AUTHOR’S CLOSURE 


The detailed analysis of end conditions as affecting “span length” 
assumptions, is given a thorough and excellent treatment by L. T. 
Wyly and indicates that in some cases neither a clear span nor a 
center-to-center span length is sufficiently correct. Of course, there 
are many cases such as that of wind loading involving “‘bent’’ action 
or translation and rotation of the member as a whole, where ‘‘center- 
to-center”’ length assumptions are imperative in dealing with the 
loads. 


Mr. Overholt calls attention to the really important fuaction of the 
paper, which is to simplify the analyses of the multiple span cases 
which should become much more common among bridges of the 
immediate future. The author hopes soon to be able to present curves 
similar to those presented for highway loadings, which will simplify 
calculations for railroad loadings. 


The formulas for constants suggested by Mr. Wise are very inter- 
esting and should be helpful in the plotting of data for use in individual 


ta 
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design offices. It should be remembered that C, C’ and C” values 
are strictly relative, rather than absolute constants, and will permit 
of considerable variation without producing appreciable differences in 
critical moment values. 


Discussion of a paper by F. R. Watson and Keron C. Morrical: 


“Sounp ABSORBING VALUE OF PORTLAND CEMENT 


CONCRETE’’* 
CONVENTION DISCUSSION 


Walter H. Wheeler (Minneapolis, Minn.): I should like to ask 
Professor Watson, is it not possible to get too much absorption in a 
room so that it appears to be deadened? 

F. R. Watson: The answer to that is generally no. The reason why 
it seems too dead is because, particularly with a musician, he is unable 
to hear himself; }s,4e715 to get a ringing effect, as in a bathroom. If 
you can equip ‘ sche sze so that the performer can hear himself, he 
does not care aSsWwey de the rest of the room is. On the other hand the 
listeners findthing} ,aryportant how dead the room is, because experi- 
ments showwith Le hear better, they can understand speech better 
the deader itseriryema and the reason why the complaint has come up 
about a room ‘, }%e, too dead is exactly as I have set forth. If you 
can equip the s te with reflecting walls that will throw the sound 
back at the musician so he can hear himself, he is satisfied, but the 
listeners want to be satisfied in a different way. 

Roy L. Peck (Western Brick Co., Chicago, I Ul.): Will Professor 
Watson, explain why the coefficient of sound absorption will vary 
higher and lower than the average with a given material? First slide 
(Table 1) shows a variation there with the same material. 

Professor Watson: Generally speaking, the materials which are 
thicker will absorb more sound at the low frequencies. With a high 
pitch, very thin material will absorb sound, and the same material of 
increased thickness, does not help you any. For low frequencies, it 
has a marked effect, because if you start with a thin material you will 
get one coefficient; if you double the thickness of the material, ab- 
sorption is not doubled but certainly it is greater. These tiles are 
four inches thick, which is an unusual thickness for acoustical material, 
and I think it is for that reason it shows so good an absorption at the 
low frequencies. If it were a thin material, half an inch thick, for 

*JourRNAL, Amer. Concrete Inst., May-June 1936; Proceedings, Vol. 32, p. 659. 
(775) 
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instance, it would not have so large a coefficient. I might say also 
that the length and diameter of the pores has a certain relation to the 
frequencies, and some theoretical work has been carried out, but the 
experimental work and verification are difficult under any circum- 
stances, and we have no reliable results to show exactly what that 
relation is. The thicker materials however will give more absorption 
at the low frequencies and will tend to make the frequency across the 
whole range constant. 


Benjamin Wilk (Manager Standard Products Co., Detroit): In the 
last couple of years approximately half a dozen motion picture theaters 
have been built in Detroit using combination walls. Now a couple of 
questions as to the relationship between the back wall and the side 
wall—is the back wall a more effective sound deadener than the side 
wall? What effect has the shape of the auditorium? What effect has 
size and depth of openings in wall material? 


Professor Watson: Generally speaking the? 
speaker can be treated with absorbing materiep, 
the speaker because the speaker likes to hear hig] f 
wall that is a good reflector, you will get an echi p uditors near 
the front will get the sound directly and then Wheti y reflection 
from a distant wall which is a disturbing facto1Ciw ed walls are 
always dangerous for acoustics; they concentra und. The re- 
flected sound can be stronger than the direct sount #recause it is con- 
eentrated, and I have yet to find a case where curved walls help the 
acoustics; they are usually a hindrance; you have to apply special 
means to get rid of their defects. Regarding the size of the openings 
in the absorbing medium, that is a matter for tests. There is evidently 
a maximum efficiency to be determined experimentally. We have some 
theories in connection with it which will help to some extent, but I 
believe that the ultimate answer to that question would have to be 
found experimentally. If you take a certain material and vary the 
size of the holes and their distance apart, you can readily, by a few 
experiments such as Mr. Morrical has carried out, find out which 
material is the best and whether or not you have gone too far. 


s remote from a 
; not those near 


Mr. Wilk: Generally speaking, though, the coarser the texture, the 
better? Or isa medium texture better than a coarse texture? 


Professor Watson: Well, it really must be a combination of the two; 
you must have large channels to get the sound in and then you must 
have fine channels on the interior; in that sense, a coarse texture 
is better than a fine. If you take little sand kernels which are very 
close together, it would not be as satisfactory as a material which has 
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large holes in it with the little holes radiating out from these large 
channels on the interior. 


Question: There have been a great many experiments performed 
on the sensitivity of individuals to sound. I happen to be connected 
with a few of them at Northwestern University, just as an assistant 
in the psychology department. What I wanted to know is about the 
transmission of sound through material, that is from one room to 
another room. Every big building with machinery seems to have that 
problem. In the Tribune Tower it was evidently very important, 
and there is a lot of work being attempted along that line. I was 
wondering what was the fundamental basis of the work and how 
would concrete do to prevent sound traveling from one room to 
another? 


Professor Watson: I purposely did not say anything about sound 
transmission; that is the other fifty per cent of the problem. Generally 
speaking, to stop sounds from going from one room to another, you 
eught to have something massive in between; that is pretty nearly 
the whole answer to it. It is possible, by certain ingenious devices, 
to use something that vibrates. If you can get its period of vibration 
in aecord with the incidence of sound, you can sometimes set up a 
thinner material which is efficient, but generally speaking the thing 
to stop sound between two rooms is an eight inch masonry wall. I 
think I should add that there is this possibility with the four inch 
porous concrete tile we have been working with. We made a few 
experiments in which we filled the core of the material with dense 
concrete so that the sound on either side would be absorbed by this 
open, porous structure, but when it hit that center core, which was 
dense and massive, it was stopped from going through. We found 
that by using a tile of the usual porous nature, the sound would go 
right through it; that is one disadvantage with haydite tile, the sound 
goes right through, but if you fill up the core with a dense concrete, 
you can decrease the transmitted sound by 25 decibels, and that is a 
lot. It is absorbent on the two sides but stops the transmission in the 
middle. 


Discussion of a report of Committee 710: 


“AiaH EarRLty STRENGTH CEMENTS IN CONCRETE 


Masonry MANUFACTURE’’* 


CONVENTION DISCUSSION 


Harry C. Shields (Pennsylvania-Dizie Cement Corp., New York 
City): I should like to ask Mr. Wilk with reference to his July, October 
and December tests—-as to the methods used to control the manu- 
facture of the test specimens, with particular reference to the tamping 
and the proportioning. 


Benjamin Wilk (Chairman, Committee 710): As stated, the methods 
used in making the tests were the same as referred to in detail in the 
paper last year.t We have batch mixers; cement was weighed; the 
tamping was usual manufacturing practice; the same operator was 
used in making all the different specimens. 


Mr. Shields: I think too much significance should not be attached 
to the results of the 1955 tests, in view of the apparent lack of control 
with reference to factors that would very readily influence results. 
It has been my experience in years gone by in the manufacture of 
concrete products, that the number of tamping blows delivered on a 
concrete block very materially influenced its strength and some other 
properties. It is observed that the tamping blows on these block, 
the strength results of which you attempted to compare, varied from 
9 to 12 on each block; also that the aggregates were measured by eye 
by permitting them to run down a chute, and mixing water was also 
a matter of guess work. I believe that such slipshod methods could 
not possibly provide the necessary degree of accuracy and control 
that would justify the conclusions drawn in your report. 


Mr. Wilk: The test results are all based on a yield of 20 blocks per 
sack of cement. Our variation was less than one block. All results 
have been referred back to a 20-block per sack base, so that even in a 

*JOURNAL, Amer. Concrete Inst., May-June 1936; Proceedings, Vol. 32, p. 673. 


tHigh Early Strength Cements in Concrete Products Manufacture,” by Benjami Wilk 
Amer. Concrete Inst., Jan-Feb. 1935; Proceedings, Vol. 31, p. 241. 3 ante, Wile J OCE ALS 
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batch from which more blocks or less blocks were made, the strength 
variation would be practically a straight line; by putting it back to a 
20-block yield, we have an effective comparison. 

It does not take long for an experienced operator with a one-sack 
batch mixer (don’t forget that, those familiar with the Blystone mixer) 
to get practically the same number of block per batch; we would be 
surprised if our mixer man could not do that; all of our results last 
year were very close. 

George P. Dieckmann (Mason City, Ia.): With 70 pounds of high 
early strength cement or 94 pounds of standard cement—what are the 
effects on plasticity and workability? 

Mr. Wilk: The same in both cases; we put in enough water to give 
us the same consistency; a water web mark on the outside, the amount 
of water actually used is practically the same in the batch, even 
though you use less high early strength cement. 

J. H. Chubb (Penn-Dixie Cement Corp., New York City): We made 
some interesting tests this year comparing standard with high early 
strength cement in making cinder block. At the end of a day’s run, 
using high early strength cement, we had 2,400 blocks. Using six 
and a half sacks of the standard cement against five sacks of high 
early strength, to a batch at the end of a day’s run we had 2,490 blocks; 
61% sacks of standard cement gave us 83 blocks; 5 sacks of high early, 
80 blocks. Total labor and material cost for the standard block as 
compared with the high early strength block was six dollars in favor 
of the high early strength cement. But we had 90 more standard 
blocks that sold at the yard for 154 cents each, so that we had a gain 
in selling price of $13.95. Subtracting additional cost for labor and 
materials ($6.00), and there remains an advantage of $7.95 in favor of 
standard cement. We tested five blocks of each kind at 28 days. The 
high early strength block just failed to meet a 1,000 p.s.i. requirement; 
the standard cement block averaged 1,100 p.s.i., testing a little over 
11 per cent more than the high early strength block. Thus with 
existing prices for material and labor, we showed a saving of $7.95 
per day on a block that tested 10 per cent above requirements as 
compared with one that failed to meet specifications with the high 
early strength cement. 

Mr. Wilk: Joe Chubb and I are good friends. He mentioned this 
to me yesterday so that I could think about it, and I appreciate that, 
because offhand I would not be able to analyze it the way I am going 
to analyze it right now. He said it cost him $6.00 more to use standard 
portland cement than high early strength cement, but he got 90 blocks 
more—90 blocks for an additional $6.00—or about 6}% cents each. 
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Mr. Chubb said the selling price was 151% cents. As a practical 
products manufacturer, I would not compare the cost of block with my 
selling price. My selling price includes many other items not included 
in this comparison. The cost of a block to me is raw materials and 
labor as the finished block go into the yard. My overhead is the same 
whether I use standard portland cement or high early strength cement; 
the sales cost is the same; insurance is the same. The only comparison 
I can make legitimately is of actual costs of direct labor involved plus 
cost of the cement and aggregates. The cost of a unit is about three 
cents for cement and about two cents for aggregate—a total of five 
cents. Three more blocks per batch would cost about 15 cents, but 
the additional cement cost was 20 cents. Is that in favor of standard 
portland cement? 


Chairman Pearson: Among my friends in this group here there are 
several who enjoy the solution of trick problems. I have a weakness 
for them. I think this problem put up by Mr. Chubb is a trick prob- 
lem. The question I would ask is this, if Mr. Chubb is going to put in 
the selling price of those three extra blocks, why not pay a nickel and 
make it up? That is, in the raw material. If you are getting a yield 
that is less, that means the volume of your batch is actually less than 
in other cases, and I believe five cents’ worth of aggregate would 
probably make up the three blocks. 


Mr. Wilk: Mr. Chubb’s tests were at 28 days. That may be all 
right from the standpoint of the man selling cement, but a products 
manufacturer doing a fair amount of business, doesn’t give blocks 28- 
day storage. I don’t expect any more strength at 28 days with high 
early strength cement than with standard cement, the advantage is in 
earlier results. Manufacturers know what it means to have a unit 
strong as it comes out of the curing room; it means saving in culls, 
easier handling and shorter storage time. What about sending blocks 
out to a job at 7 or 10 days? Last month in the city of Detroit, the 
average block delivered on the job was not 10 days old. Suppose a 
plant making 5,000 units a day has to store them for 28 days—con- 
sider the space required, the distance to be moved with so large a 
storage area to the outer edges of the storage yard. 


Mr. Shields: Irrespective of the advantages that might be gained 
in handling block from the steam room, do you, in the light of your 
experience as a products manufacturer, deem it sound practice to 
deliver block to the job after only a 7 or 8-day curing period? In 
pursuing such practice one should carefully weigh the detrimental 
effect of subsequent shrinkage when these units are placed in the wall. 
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Mr. Wilk: Strength indicates what has happened. Twenty-eight 
days is no magic period —28-day curing in December or in January is 
different from 28 days in August. It depends on how you cured your 
units and how they are stored afterwards. We are not suggesting a 
panacea for the products manufacturer’s ills. We are indicating what 
can be done with different cements, high early strength cement as 
against standard cement. His curing conditions should be such that 
he gets a satisfactorily cured unit with a moisture content when de- 
livered on the job that will meet requirements in this respect. 


Earl A. Soloman (Penn-Dizxie Cement Corp., New York City): Have 
you any reason to believe that block made with high early strength 
cement will have any less moisture at six, seven, eight or nine days 
than with standard cement? 


Mr. Wilk: We have been listening today to statements that leaner 
mixtures do not shrink as much as richer ones. I take it the moisture 
content would not be very much different. 

Mr. Soloman: I have some reports covering three plants in New 
Jersey and one in New York where, in the two or three day range, the 
regular cement catches up with the high early strength cement and 
after that it passes it; the units had more moisture at seven days with 
high early strength cement than with regular cement. 

Chairman Pearson: I should like to emphasize that the purpose of 
the committee is only to put the results of certain tests and plant ex- 
perience at the disposal of products manufacturers. There is no at- 
tempt to do anything except to find the facts. Some of these are not 
so easy to find, and one of them is this question of yield. You realize 
that in plant operation when you weigh up a lot of block in succession, 
there is considerable variation, a variation probably comparable with 
the difference in the yield between the two types of cement. I do 
not like to have Mr. Chubb leave the impression that you are going 
to get four per cent less yield when you use a reduced amount of 
high early strength cement than when you use regular standard 
cement. It may have been so in that case, but I would not consider 
it established’unless many careful repeat tests had been run. 

We cannot determine such things except from a very large number 
of cases, but in general we find from our laboratory and field studies 
that a block made with a reduced amount of high early strength 
cement, as in these tests, weighs about a pound less than a similar 
block made with the full amount of normal cement. If this figure is 
assumed to be approximately correct, then the loss of 1 lb. per block 
in a 20-block batch about offsets the 24-lb. lower weight of the total 
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batch, and the yield must therefore be very nearly the same in the 
two cases. 


COMMITTEE CLOSURE BY MR. WILK 


The freezing and thawing tests referred to in the report have been 
completed. Compressive tests were made after 100 cycles of freezing 
and thawing. They indicated that there is no loss in effectiveness 
of the 70-lb. high early strength concrete as compared with the 94-lb. 
normal cement concrete. Tests on the volume change of the two 
kinds of concrete indicate that there is no marked difference so that 
it would be immaterial what concrete was used. 

The aggregate, however, had a marked effect. The cinder concrete 
showing greater and the slag concrete considerably less shrinkage 
than the gravel concrete. 

These tests made specially for Committee 710 apparently corrobor- 
ate the results obtained by Timms on tests made several years ago. 


TABLE 1 
Type of Aggregate 
Type 
of Cinders Slag Gravel 
Cement 
Days of Moist Curing Prior to Freezing Test 
3 7 28 3 7 28 Ces Bae 28 
Nl 2230 2450 2630 4200 4470 4210 4000 4290 3920 
N2 *60T *110 2300 4040 4950 4380 4070 4550 4350 
H1 1830 1700 2000 4110 4720 5480 4180 4300 4470 
H2 *55T 2120 2310 4200 4670 3770 3000 3950 4390 
| 


*Lost more than ten per cent in weight and classified as disintegrated. 
tNumber of cycles. 


In a paper by Timms on “Effect of Duration of Moist Curing on 
the Principal Properties of Concrete,”’* in an analysis of freezing 
and thawing, Mr. Timms develops the fact that a lean mix of high 
early strength concrete (9 gal. per sack), starting with 1750 p.s.i. 
concrete, will withstand 210 freezing and thawing cycles based on 
loss of weight as compared with 90 cycles for a rich mix of normal 
cement (6 gal. per sack), which also starts with 1750 p.s.i. concrete. 

Three thousand five hundred-fifty p.s.i. concrete (a lean high early 
strength, 9 gal concrete), gives 220 cycles as compared with 230 cycles 
for a 3800 p.s.i. concrete (a rich mix of normal portland cement, 6 gal. 
concrete). 


This would indicate that there would be no disadvantage in using 
the leaner high early strength cement concrete as compared with the 
*Proceedings A. S. T. M., Vol. 34, Part 11, p. 329. 
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richer normal concrete from the standpoint of freezing and thawing. 
Timms also compares the expansion at three months as follows: 


With normal cement and a rich mix, (5.70 gal.) the expansion is .012 per cent as 
compared with a high early strength cement lean mix, (8.5 gal.) having an expansion 
of .004 per cent. 


Total shrinkage at the end of an 18 month period for seven-day and three-month 
moist cured specimens show: 


7 Days 3 Months 
Normal Cement aqic oo tte wateiertle pieciersares .112% 092% 
High: early Cement): ss ..-fis se Hester .112% 094% 


In an analysis of capillary flow, Mr. Timms points out in this 
paper, (Fig. 5, page 340) that a concrete made with 9 gal. per sack, 
using high early strength cement, will be better than a richer concrete 
with 5.6 gal per sack, using normal cement. 


Quoting from this paper, ‘“The data show the effect of more rapid 
hardening in the high early strength cements on the early develop- 
ment of a given degree of water-tightness.”’ 


Discussion of a paper by J. R. Shank: 
“THe MECHANICS OF Piuastic FLow oF CONCRETE’’* 


ERRATA 


Unfortunate ‘‘make-up” blunders were committed in publishing 
discussion by H. J. Gilkey and George C. Ernst in the May-June 
JourNAL. Fig. 11 (page 707) should have carried this caption: 
“Plain concrete under sustained compressive loading —Gilkey-Vogt 
tests, U. S. Bureau of Reclamation, at University of Colorado, 1928-29 
(specimen of Table 5).” Fig. 13 of this discussion appears at the top 
of page 705 without any designation. It should have carried this cap- 
tion: ‘‘Plain concrete under sustained flexural loading—Gilkey-Vogt 
tests, 1928-29 (U. S. Bureau of Reclamation).’’—Eprror 


AUTHOR’S CLOSURE 


J. Rh. Shank: The discussion by Professor Fridenson pertains more 
to the work of Dr. W. H. Glanville“ than it does to this paper and it 
would therefore be more appropriate for him to answer it, but since 
the writer has studied and checked parts of Dr. Glanville’s work he 
will attempt to show how the difficulties indicated by Professor Friden- 
son are obviated. Bibliography reference 30 gives a discussion of these 
fundamentals in considerable detail which was omitted in this paper 
because of lack of space. This will not be repeated here but an attempt. 
will be made to clear up the difficulties of Professor Fridenson and 
others by using Dr. Glanville’s original paper“) as a background. 

The first statement is an equation representing the conditions during 
a time increment in the plastic flow life of a reinforced concrete column 
under a constant or sustained load. 


A fs A fe 


#, E. 


je NO = where 


*JouRNAL, Amer. Concrete Inst., Nov.-Dec. 1935; Proceedings, Vol. 32, p. 149. Discussion May- 
June 1936; Vol. 32, p. 704. 


(784) 


Supplement, 1986 The Mechanics of Plastic Flow of Concrete 785 - 


fc is the unit stress in the concrete at the time of this time increment. 
A cis the plastic flow change for a wnit stress of unity. 


fe A cis therefore the plastic How change in the column at this time when the 
unit stress is fe. ° 

Af, is the unit stress increment in the steel at this time. 

Af. is the unit stress increment in the concrete at this time. 


E, is the initial or instantaneous or elastic modulus of elasticity of this concrete. 
It is unaffected by the plastic flow and is assumed to be the same throughout the plastic 
flow life of the column. The possibility of improvement with age is ignored. It is- 
not a variable and comes in only on elastic calculations. 


The second term of the right hand side may be thought of as the 
elastic recovery which follows any reduction of the ‘stress in the con- 
crete of the column. To explain this equation it should only be neces-- 
sary to state that the plastic flow increment f, A c in this reinforced 
column must equal the algebraic sum of the strain increment in the 
steel and in the concrete, but the reader is likely to be confused by 


seeing two concrete deformations f, A c and There may be a 


Ee 
tendency to assume that f. A c should simply equal the strain incre~ 


s 


i, 


ment in the steel which would only be true if the unit stress on 
the concrete remained constant, which it does not. If this last assump- 
tion were carried to the extreme condition of nearly all of the load 
being taken by the steel we would have the absurdity of the concrete 
all but ceasing to be stressed while keeping its full initial strain. It 
appears that this first statement by Dr. Glanville is correct and com- 
plete. It contains three variables c, f., and f,, and no variable modulus 
of elasticity is necessary. 

It is possible to eliminate the variable f, from the equation so that 
the change in the total stress in the concrete must equal at all times 
that of the steel since the external load is constant, 


A fcAs = WeAle 
Th A feAe IN Nie 
SO Iie AN Ce AE, EB 
cA : , ie ESC 
Ore At fours) Ao to simplify, f- = — a 
AE. * B, 
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: G 
Integrating:—log.f. + C = — b 

When c the plastic flow = O, f. becomes fo, the initial elastic stress. 


6 C = —= log.do 


c 
logefc = log efo Fn aa y 


Pine 7 fo 
An) Jey Siege eta cee 
| ae Oe 


It appears that Doctor Glanville very skillfully side-stepped the 
variable modulus of elasticity and has developed a simple and accurate 
expression and that Professor Fridenson’s criticism does not hold. 

The last sentence of Professor Fridenson’s discussion indicates that 
he has lost sight of the fact that the plastic flow y in the formula given 
by the writer as well as c of Dr. Glanville’s work represent the plastic 
flow for a unit stress of unity and that it is only necessary to multiply 
by any unit stress, constant or variable, to represent a plastic flow for 
any stress. 

The writer is grateful to Professor Gilkey and Mr. Ernst for the fine 
contribution which they submitted as a discussion. It is to be hoped 
that they, as well as others will continue this work as there is much 
still to be done. 


ERRATA 


Bibliography No. 3, A. H. Fuller instead of A. N. Fuller. 
Bibliography No. 16, Trans. not Proc. 
Bibliography No. 25, Andersen not Anderson. 


Discussion of a paper by F. E. Richart: 


“A Srupy oF THE ECONOMICS OF HIGH STRENGTH 


CONCRETE IN BUILDING CONSTRUCTION’’* 


George Robert Wernisch (Concrete Reinforcing Steel Institute Research 
Fellow, Lehigh Univ., Bethlehem, Pa., by letter): The writer was par- 
ticularly interested in that portion of Professor Richart’s paper per- 
taining to the use of higher steel stresses. Professor Richart mentions 
the objections to the use of higher steel stresses: larger deflections, 
increase in tensile cracks and a consequent weakening in bond and 
shear resistance. Test data of 33 slabs tested at Fritz Laboratory, 
Lehigh University, under immediate charge of the writer, indicate 
that deflections and cracking are not excessive at steel stresses of 
30,000 p.s.i. The bond resistance is not seriously reduced by the 
small, hairline cracks which result at a steel stress of 30,000 p. s. i. 

Referring to the author’s Table 3—Cost Data for One-way Slabs— 
the writer (assuming a thickness of slab equal to the effective depth 
plus 1.25 in.) found that by designing the reinforcement for 30,000 
p. s. i. the total cost of the slab (effective depth 7.50, 2,000 p. s. i. con- 
crete) was approximately 81% per cent lower than when using a 20,000 
p. s. i. steel working stress. 

The cost difference is more pronounced in the smaller depths 
(effective depth of 4.1); when using 6,000 p. s. i. concrete and 30,000 
p. 8. i. steel working stress, the total cost of the slab is 20 per cent less 
than when using 6,000 p. s. i. concrete and 20,000 p. s. i. steel working 
stress. 

Before investigating the feasibility of high strength concrete it 
would appear more reasonable to investigate the potential strength of 
present day concrete. The common belief seems to be that in design, 
steel, with a factor of safety of approximately 2, is balanced with con- 
crete having a factor of safety of 2.5. Actually this is not the case. 
Slater and Lyse found that the ultimate concrete compressive strength 
in flexure, when assuming a straight line variation in stress, was about 
1.5 times the compressive strength of the concrete cylinders. To the 
writer it appears to be illogical to balance steel with a factor of safety 
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of 2 against a concrete factor of safety of approximately 3.75 in slabs 
and beams. The science of concrete making has progressed sufficiently 
to warrant a factor of safety of 2.5 for concrete, based on actual ulti- 
mate flexural compressive strength, rather than on cylinder strength. 
If one desires to use a concrete working stress of 1,200 p. s. i. it is 
necessary to use 3,000 p. s. i. concrete under present code regulations, 
whereas data on this matter indicate that 2,000 p. s. i. concrete should 
be used with a factor of safety of 2.5, thus obtaining a saving of about 
4 per cent in the concrete cost, and reducing volume changes, which 
may be important in high strength concretes. 

In the calculations given herewith it was assumed that a 60,000 
p. s. i. yield point steel would cost $8 per ton more than the figures 
used by Professor Richart. The extra cost probably would be even 
less. . 

CONVENTION DISCUSSION 


W. M. Dunagan (Iowa State College, Ames, Iowa): I wish to supple- 
ment Professor Richart’s paper with some data shown in three figures 
(Fig. 1-3—presented by stereopticon on the floor of the convention). 
The work summarized in these figures was done after reading a paper 
by Professor Lyse™ and my close contact with the work being done 
by Professor Gilkey and Mr. Ernst.® On noting the title of Pro- 
fessor Richart’s paper in the program for this meeting I decided that 
these data had such a fundamental bearing upon his subject matter 
that their presentation was justified. 


My work referred to and condensed to the three figures was a brief 
investigation in the order: (1) A careful laboratory design of a series 
of concrete mixes, (2) physical tests of the concrete prepared from these 
mixes with results in the form of actual strength and modulus of 
elasticity, (3) a computation of the materials cost for unit volumes of 
each concrete, (4) the design of a series of reinforced beams in which 
the size of the beam was permitted to vary with the quality of the 
concrete and (5) a plotting of the economic relationships found to 
exist in the resultant beams. 


In Fig. 1 the I. 8. C. curve presents the strength-stiffness relation- 
ships found in this series; this curve is contrasted with two other 
groups of available data so that agreement may be noted. Fig. 2 is a 
summary of the mix design data from which the costs of the concrete 
were estimated. Fig. 3 presents the relative cost of beam designs re- 
sulting from the use of these carefully assembled data. 


() Relation between Quality and Economy of Concrete. Inge Lyse, JourNat, A 
March-April 1933, Vol. 4, p. 344, : soe es 


(2) Report of Project Committee on the use of High Elastic Limit Steel as Reinforcement dor Concrete. 
Gilkey and Ernst. Proceedings, Highway Research Board, Vol. 14, Part I, 1935, p. 283-302 
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Fig. 3—-BEAM COST-WORKING STRESS RELATIONSHIPS. (SUPPORTING 
STRENGTH AND b/d RATIO CONSTANT) 


This is intended to be an example of what might occur in the’ eco- 
nomics of structural design if concrete mixes are designed by best 
practice, placed under ‘ideal control conditions and the designer’s 
procedure takes full advantage of this situation. The working stress 
values for conerete are taken as 40 per cent of 28-day test strengths, 
the n values are from actual tests and the cost data are for materials 
cost only. The dotted portions of Fig. 3 are those areas where im- 
practical steel percentages exist. Limiting deflection conditions have 
not been investigated as a part of these data. 

The chief indication of Fig. 3 is that until the design stresses of re- 
inforcing steel are increased as those of the concrete are increased we 
can not realize the economy possible in taking full advantage of the 
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potential quality of the concrete. I think the curves are self explana- 
tory; those persons interested in the design of concrete mixes coupled 
with structural design may discover further interesting indications. 


M. O. Withey (Professor of Mechanics, Univ. of Wisc., Madison): 
In the slide just shown (Fig. 4) I wish to call attention to one feature 
which I do not think the speaker emphasized, namely that concrete 
cracks in tension when the unit deformation is approximately 0.0002. 
When a stress of 30,000 p. s. i- is imposed upon the steel, the corres- 
ponding unit strain in the steel and in the concrete adjoining that steel 
will be 0.001, or five times the strain which will crack the concrete. 
Professor Richart, in his discussion, pointed out that the use of these 
high strength mixes and these high strains in steel attending the use 
of those mixes, would be attended by cracking. I wish to emphasize 
that in reference to Professor Dunagan’s chart the cracking accom- 
panying high steel stresses should be kept in mind. 


E. B. Rayburn (Indianapolis, Ind.): Getting back to the economic 
view and probably from a partisan standpoint, the ready mixed con- 
crete producer is glad to see a higher strength concrete used. He will 
have less competition from the irresponsible operator and more 
business. 


AUTHOR’S CLOSURE 


F. E. Richart. The foregoing discussions emphasize some of the 
salient features involved with high strength concrete. I agree with 
Mr. Wernisch that the current working stresses for conerete are con- 
servative; also that the greatest saving in cost of reinforced concrete 
would result from the simultaneous use of higher stresses in both 
concrete and steel, but I am still looking for proof that, in general, de- 
flections and cracking would not be excessive if a steel stress of 30,000 
p. s. i. were used. Professor Withey apparently agrees with this view- 
point. While I have not had the chance to study Professor Dunagan’s 
chart, the conclusions from it seem to be in harmony with what has 
been said regarding possibie economies. 


The desire of ready-mixed concrete producers to seil high quality 
concrete is commendable; they have an excellent opportunity to 
produce and deliver to the job a factory-made and controlled material 
of high quality and uniformity. 
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